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A B ST R A C T
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ca u p e  b la c k  sp o ts  in  s h r im p  w e re  s tu d ie d .  S e v e r a l  of th e s e  p r o p e r ­
t i e s  w e re  s i m i l a r  to  th o s e  of p h e n o l  o x id a s e s  (p h e n o la se s )  f r o m  p la n t  
and  a n im a l  s o u r c e s :  the  s h r im p  e n z y m e  s y s te m  c a ta ly z e d  the  o x id a ­
tion  of bo th  m o n o -  a n d  o -d ih y d r ic  p h e n o ls ;  s h r im p  c a t e c h o la s e  r e ­
q u i r e d  c o p p e r  fo r  i t s  a c t iv i ty ;  s u b s ta n c e s  know n to  in h ib i t  p h e n o la s e  
a c t iv i ty  a l s o  in h ib i te d  a c t iv i ty  of s h r im p  c a te c h o la s e ,  th e se  in c lu d e d  
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a c id s ;  the s h r i m p  e n z y m e  (s) a p p e a r e d  to  be a  w a t e r - s o l u b l e  g lobu lin  
an d  cou ld  be c o n c e n t r a t e d  by  m e th o d s  s i m i l a r  to  th o se  u s e d  in  the 
p u r i f i c a t io n  of m u s h r o o m  c a te c h o la s e ;  c a te c h o la s e  a c t iv i ty  in  c ru d e  
p r e p a r a t i o n s  f r o m  s h r i m p  w as  s l ig h t ly  i n c r e a s e d  by  h e a t in g  a t  50° C. 
fo r  1 and  2 m in u te s  a n d  e n e r g y  of a c t iv a t io n  v a lu e s  c o m p a r e d  f a v o r ­
a b ly  w ith  th o se  o b ta in ed  fp r  p h e n o la s e s  f r o m  o th e r  s o u r c e s .
C h r o m a to g r a p h ic  an d  s p e c t r o p h o to m e t r ic  m e th o d s  w e r e  u s e d  
to  id e n t i fy  p h e n o lic  co m p o u n d s  a s s o c i a t e d  w ith  m e la n in  f o rm a t io n .  
L - t y r o s i n e ,  L -d ih y d ro x y p h e n y la la n in e  (dopa) an d  2 - c a r b o x y - 2 ,  3 - d i -  
h y d ro in d o le -5 ,  6 -q u in o n e  (d o p a c h ro m e )  w e r e  id e n t i f ie d  in  s h r im p  
s a m p le s  a n d  the  v a r io u s  m e la n o g e n ic  p h a s e s  in d e n t i f ie d  w ith  "dopa
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m e la n in "  f o rm a t io n  o b s e rv e d  d u r in g  th e  d a rk e n in g  of th e s e  s a m p le s .  
D a ta  i s  p r e s e n t e d  w h ic h  s u g g e s te d  th a t  s h r im p  p h e n o la s e  i s  s t e r e o -  
s p e c i f ic  fo r  the c a t a l y s i s  of L - d o p a .  D ia ly z a te s  of s h r im p  b lo o d  and  
p r e s s  ju ic e  c o n t in u e d  to d a r k e n  even  a t  low  t e m p e r a t u r e s  (3 °  C . )  s u g ­
g e s t in g  th a t  p r o te in s  c o n ta in in g  p h en o lic  g ro u p s  m a y  a l s o  a c t  a s  s u b ­
s t r a t e s  f o r  s h r im p  p h e n o la s e .
B lood f r a c t i o n s  f r o m  P e n e a u s  s e t i f e r u s  a n d  P e n e a u s  a z te c u s  
e x h ib i te d  h ig h  o - d ih y d r ic  p h e n o la s e  a c t i v i t i e s .  T h e  " s e d im e n t "  ob­
ta in e d  by c e n t r i fu g in g  b lood  f r o m  th e s e  s h r im p  s p e c ie s  c o n ta in e d  a  
m o r e  h ig h ly  a c t iv e  o -d ih y d r ic  p h e n o la s e  th an  d id  " p l a s m a "  o r  " s e r u m "  
f r o m  the s a m e  b lo o d .  L e u c o c y te s  in t h i s  b lood  m a y  c o n ta in  a c t iv e  
p h e n o la s e ( s )  r e l e a s e d  w hen s h r i m p  b lo o d  is  e x p o s e d  to a i r .  O th e r  e v ­
id e n c e  p r e s e n t e d  f a v o r s  the e x i s t e n c e  of h ig h ly  a c t iv e  p h e n o la s e ( s )  in  
s h r im p  b lo o d  c e l l s .  D a ta  w a s  o b ta in e d  w h ic h  in d ic a te d  th a t  h e m o -  
c y a n in  c o u ld  c a ta ly z e  the  o x id a t io n  of p y ro ca tfech o l ,  an d  c o n s e q u e n t ly  
m a y  be in v o lv e d  in  b la c k  sp o t  f o r m a t io n  in  s h r im p .
M ic h a e l is  c o n s ta n ts  w e r e  c a l c u l a t e d  fo r  s h r im p  c a t e c h o la s e  
a n d  D L -d o p a  o x id a se .
v  i  i  i
C H A P T E R  I
IN T R O D U C T IO N
W hen h e a d l e s s  s h r i m p  a r e  r e f r i g e r a t e d ,  th e  a b d o m e n  o r  " t a i l "  
d e v e lo p s  b la c k  s p o ts  o r  b a n d s ,  u s u a l ly  a t  the  b a s e  of the  s h e l l  s e g m e n ts  
o r  a c r o s s  th e  b a c k  of the t a i l  w h e r e  th e  s h e l l  s e g m e n ts  o v e r la p .  In 
g e n e r a l ,  th e  d is c  o lp r a t io n  f i r s t  d e v e lo p s  in  th e  m e m b r a n e  w h ic h  s e p a r ­
a t e s  the  t a i l  m u s c le  f r o m  th e  s h e l l ,  e s p e c i a l l y  in  th o s e  a r e a s  w h e r e  the  
m e m b r a n e  c o n n e c t s  the  two e n d s  of o v e r la p p in g  s h e l l  s e g m e n ts .  D u r in g  
r e f r i g e r a t e d  o r  f r o z e n  s to r a g e  of w ho le  s h r i m p ,  b l a c k  sp o t  f o r p ia t ip n  
u s u a l ly  s t a r t s  in  th e  c e p h a lo th o r a x ,  so  t h a t  the c a r a p a c e  a p p e a r s  b la c k .  
T h is  i s  fo l lo w e d  b y  d i s c o l o r a t i o n  of th e  a n te n n a e  a n d  r o s t r u m  o r  " s p in e "  
a n d  the  u ro p o d  o r  " t a i l  f in " .  T he  c r a w l in g  le g s  ( p e r io p o d s )  a n d  s w i m ­
m in g  le g s  (p le o p o d s)  c h a n g e  c o l o r  f i r s t  a t  th e  jo in t s  a n d  th is  c h a n g e  
f in a l ly  p r o g r e s s e s  o v e r  the  e n t i r e  le g .  W hen th e  c o n d i t io n  b e c o m e s  
s e v e r e ,  the  i n t e r i o r  of the  h e a d  b e c o m e s  a  b la c k ,  s o f t  o r  m u s h y  m a s s  
a n d  the  c a r a p a c e  b e c o m e s  f le x ib le  i n s t e a d  of r e t a in in g  i t s  n o r m a l  s t i f f  
c o n s is te n c y .
In  1951, F i e g e r  (1) c o n c lu d e d  th a t  b la c k  sp o t  f o r m a t i o n  in  
s h r i m p  r e s u l t e d  f r o m  the a c t i o n  of t y r o s i n a s e  o r  s o m e  s i m i l a r
1
2
en zy m e. He a lso  show ed  th a t  n u m e ro u s  in h ib i to r s  of t y r o s in a s e  su ch  
a s  sod ium  cy an id e , so d iu m  a z id e ,  th io u re a ,  c y s te in e  and  g lu ta th io n e  
a l s o  p r e v e n te d  b lack  sp o t  f o rm a t io n .  Since ty r o s in a s e  c a ta ly z e s  the 
oxidation of n a tu r a l ly  o c c u r r in g  p h en o lic  c o m p o u n d s  to m a t e r i a l s  w hich  
le a d  to the e v e n tu a l  f o rm a t io n  of the  b la c k  p ig m e n ts  (m e la n in s ) ,  he s u g ­
g e s te d  th a t  b lack  sp o t  o r  b la c k  h e a d  be r e f e r r e d  to a s  m e la n o t ic  s h r im p ,  
the c h e m ic a l  ch an g e s  in v o lv ed  be r e f e r r e d  to  a s  m e la n o g e n e s is ,  and the 
b lack  c o lo r a t io n  as  m e la n o s i s  (2). S ub seq u en tly ,  A lfo rd  and  F i e g e r  (3) 
show ed t h a t  b a c t e r i a l  a c t io n  w as  n o t d i r e c t ly  in v o lv ed  in  b la c k  sp o t  
fo rm a tio n  a n d  a l s o  d is c o u n te d  d i r e c t  in v o lv e m e n t  of othter m i c r o o r g a n ­
i s m s .  In 1954, F a u lk n e r  e t  a l . (4) c o n t r ib u te d  f u r t h e r  ev id e n c e  th a t  
b lack  sp o ts  f o rm e d  in  s h r im p  w e re  m e la n o t ic  in  n a tu r e .
T h e  e x p e r im e n t s  r e p o r t e d  h e r e  r e p r e s e n t  a  q u a n t i ta t iv e  s tudy  
of the r e a c t i o n  s y s t e m s  invo lved  d u r in g  b la c k  spo t f o rm a t io n  in  s h r im p  
an d  w ere  d e s ig n e d  w ith  the fo llow ing m a jo r  o b je c t iv e s  in  mind:
(a) to s tu d y  so m e  of the p h y s ic o - c h e m ic a l  p r o p e r t i e s  of 
the e n z y m e s  in v o lv ed  in  b la c k  sp o t  fo rm a t io n  and to  
c o m p a r e  th e se  p r o p e r t i e s  w ith  th o se  of p h e n o la s e s  
f ro m  o th e r  s o u rc e s ;
(b) to v e r i fy  the h y p o th e s is  th a t  b la c k  sp o t  fo rm a t io n  
in  s h r im p  d u r in g  s to r a g e  is  in  f a c t  a  m e la n o s is  
d e r iv e d  f ro m  ox ida tion  of pheno lic  d e r iv a t iv e s  
c a ta ly z e d  by  one or m o re  a c t iv e  p h e n o la s e s ;
(c) to d e te r m in e  the a n a to m ic a l  lo c a t io n  of su ch  e n ­
z y m e s  an d  th e i r  s u b s t r a t e s .
C H A P T E R  II
E N Z Y M E S  IN V O L V E D  IN M E L A N IN  FO R M A T IO N
O x id a tiv e  e n z y m e s  f r o m  a l a r g e  v a r i e ty  of s o u r c e s  c a ta ly z e  
r e a c t io n s  le a d in g  to  m e la n in  f o rm a t io n ,  a n d  so m e  of th e s e  h av e  b e e n  
th o ro u g h ly  s tu d ie d  an d  th e i r  p r o p e r t i e s  o u t l in e d  in  c o m p r e h e n s iv e  r e ­
v ie w s  (5 -1 1 ) .  E n z y m e s  of t h i s  type a r e  g e n e r a l ly  r e f e r r e d  to a s  t y r o -  
s in a s e s  o r p h e n o l  o x id a se s  (p h e n o la s e s )  a l th o u g h  in d iv id u a l ly  th e y  a r e  
d i f f ic u l t  to c l a s s i f y  s in c e  m a n y  of th em  c a ta ly z e  th e  o x id a tio n  of s e v e r a l  
d i f f e r e n t  p h en o lic  co m p o u n d s .
C ru d e  p r e p a r a t io n s  of p h eno l o x id a s e s  u s u a l ly  m ay  be d i s ­
t in g u is h e d  f r o m  o th e r  o x id a se s  th ro u g h  t h e i r  a b i l i ty  to  c a ta ly z e  two 
e s s e n t i a l l y  d i f f e r e n t  o x id a t io n s :  the i n s e r t i o n  of a n  h y d ro x y l  g ro u p  
in to  m o n o p h en o ls  o r th o  to the one a l r e a d y  p r e s e n t  (oxy g en  t r a n s f e r a s e  
a c t iv i ty ) ,  a n d  the  o x ida tion  of o - d ih y d r ic  p h en o ls  to  t h e i r  c o r r e s p o n d in g  
_o-quinones. (12). M o s t  im p u re  p r e p a r a t i o n s  have b o th  a c t iv i t i e s  in  the 
p r e s e n c e  of t r a c e  q u a n t i t ie s  of o - d ih y d r ic  p h e n o ls .  T he  q u e s t io n  of 
w h e th e r  the s a m e  o r  d i f f e r e n t  e n z y m e s  c a ta ly z e  the  o x id a tio n  of m o n o -  
a n d  d ih y d r ic  p h e n o ls  h a s  s t im u la t e d  m u c h  r e s e a r c h  a n d  s p e c u la t io n  b u t  
r e m a in s  u n s e t t l e d .
3
4
In c a s e s  w h e r e  the  e n z y m e  h a s  b e e n  s u f f ic ie n t ly  p u r i f i e d ,  
h o m o g e n e i ty  s tu d ie s  b y  e l e c t r o p h o r e t i c  a n d  s e d im e n ta t io n  m e th o d s  
in d ic a te  t h a t  only  one p r o te in  m o ie ty  i s  im p l i c a t e d  in  b o th  ty p e s  of 
o x id a t io n s  c a t a l y z e d  b y  p h e n o la s e ( s )  p r e p a r e d  f r o m  the  c o m m o n  e d ib le  
m u s h r o o m  P s a l l i o t a  c a m p e s t r i s  (13). L e r n e r  e t  a l .  (14) a l s o  a s ­
c r i b e d  b o th  t y r o s i n a s e  (m p n o p h e n o la se )  a n d  d o p a  o x id a s e  ( o -d ih y d r i c  
p h e n o la s e )  a c t i v i ty  of c e r t a i n  m a m m a l i a n  e n z y m e s  to  a  s in g le  p r o te in  
e n t i ty .  No e v id e n c e  i s  a v a i l a b le  to  i n d ic a te  w h e th e r  o r  n o t  th e  m o n o -  
a n d  o - d ih y d r ic  p h e n o la s e  a c t i v i t i e s  of e n z y m e s  f r o m  o th e r  s o u r c e s  i s  
due to  a  s in g le  p r o t e in  m o ie ty  o r  to  tw o  o r  m o re  p r o t e i n  m o i e t i e s .  In  
m o s t  i n s t a n c e s ,  p u r i f i c a t i o n  m e th o d s  h av e  y ie ld e d  in s u f f i c i e n t  q u a n t i ­
t i e s  of e n z y m e  fo r  e l e c t r o p h o r e t i c ,  s e d im e n ta t i o n  a n d  s o lu b i l i ty  s tu d ie s  
n e c e s s a r y  fo r  d e c i s iv e  e x p e r i m e n t s  on th i s  p r o b le m .
D a w so n  a n d  T a r p l e y  (9) c o n v e n ie n t ly  c l a s s i f y  p h e n o l  o x id a s e s  
f r o m  m u s h r o o m  in to  m o n o p h e n o la s e  ( c r e s o l a s e )  a n d  o - d ih y d r ic  p h e n o ­
l a s e  ( c a te c h o la s e )  a n d  u s e d  p - c r e s o l  a n d  p y r o c a t e c h o l  r e s p e c t i v e l y  to  
d e t e r m in e  t h e s e  a c t i v i t i e s .  T h e s e  s u b s t a n c e s  a r e  n o t  only  m o r e  so lu b le  
b u t  a r e  a l s o  m o r e  r e a d i l y  o x id iz e d  by  p h e n o la s e s  th a n  p h e n o l ic  a m in e s  
s u c h  a s  t y r o s i n e  a n d  3, 4 - d ih y d r o x y p h e n y l  a la n in e  in  the  p r e s e n c e  of 
m o s t  p h e n o la s e s .  O th e r  i n v e s t i g a t o r s  (7&15) r e f e r  to  e n z y m e s  of th is  
ty p e  s im p ly  a s  t y r o s i n a s e  o r  d o p a  o x id a se  d e p e n d in g  on the  s u b s t r a t e  
s p e c i f i c i t y  a n d  th is  m a y  d i f f e r  f o r  e n z y m e s  f r o m  v a r i o u s  s o u r c e s .
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P h e n o l -o x id iz in g  e n z y m e s  a r e  w id e s p r e a d  in  n a tu r e ,  e s p e c i ­
a l ly  in  p la n ts  a n d  i n v e r t e b r a t e s  , b u t  the  m o s t  th o ro u g h ly  i n v e s t ig a te d  
s o u r c e s  have b e e n  the p o ta to  a n d  the  c o m m o n  m u s h r o o m  P s a l l i o t a  
c a m p e s t r i s . D aw so n  a n d  T a r p l e y  (9) l i s t  m a n y  r e f e r e n c e s  c o n c e r n in g  
e n z y m e s  f r o m  b o th  p la n t s  and  a n im a l s  b u t  the  m o s t  p e r t in e n t  of th e s e  
in  r e g a r d  to th e  p h e n o l  o x id iz in g  e n z y m e s  in  s h r i m p  a r e  th o s e  of 
P in h e y  (16), D e n n e l l  (17), and  B h a g v a t  a n d  R i c h t e r  (18) who s tu d ie d  
th e s e  e n z y m e s  in  C r u s t a c e a  a n d  o th e r  A r th r o p o d a .
B h a g v a t  an d  R i c h t e r  (18) found  e v id e n c e  f o r  the p r e s e n c e  of 
p h e n o l  o x id a s e s  in  the  b lo o d  of s e v e r a l  a r t h r o p o d s ,  a m o n g  w h ich  w e re  
O d o n e s t r i s  p o t a t o r i a  ( l a r v a l ) ,  B o m b y x  q u e r c u s  ( la rv a l ) ,  L o c u s ta  
m i g r a t o r i a  (a d u l t) ,  C a n c e r  p a g u r u s  L . (a d u l t) ,  a n d  H o m a r u s  v u lg a r i s  
(a d u l t) .  P in h e y  (16) r e p o r t e d  the  p r e s e n c e  of t y r o s i n a s e  in  th e  b lo o d  
of c e r t a i n  c r u s t a c e a n s  in c lu d in g  th e  s p id e r  c r a b  M a ia  aq u in ad o  a n d  the  
e d ib le  c r a b  C a n c e r  p a g u r u s .  She sh o w ed  th a t  the  p h e n o l  o x id a se  in  
the C a n c e r  c r a b  o c c u r r e d  m a in ly  in  the  l e u c o c y te s ,  and  p o in te d  out t h a t  
th e s e  c o u ld  p o s s ib ly  d i s i n t e g r a t e  to  r e l e a s e  e n z y m e  w h ic h  r e a c t s  w ith  
s u b s t r a t e  p r e s e n t  in  the  s e r u m .  O th e r  m a r in e  s o u r c e s  of .pheno l o x i­
d a s e s  in c lu d e  o c to p u s  b lo o d  (19) a n d  c u t t l e f i s h  sac  (20).
P h e n o l  o x id a se  a c t iv i ty  w a s  d e m o n s t r a t e d  (18) f o r  c r y s t a l l i n e  
h e m o c y a n in  f r o m  b lood  of C a n c e r  p a g u r u s  an d  c a t a ly z e d  the o x id a tio n  
of s e v e r a l  p o ly h y d r ic  p h e n o ls  in c lu d in g  c a te c h o l ,  h o m o c a te c h o l  and  
p y ro g a l lo l ,  b u t  w a s  n o t  a c t iv e  to w a r d  p -c j r e s o l ,  a n d  c a t a ly z e d  the o x i­
d a t io n  of e p in e p h r in e  on ly  s l ig h t ly .
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P h e n o l a s e s  f r o m  p la n t s  a n d  lo w e r  a n i m a l s  a p p e a r  to  b e  l e s s  
s p e c i f ic  in  t h e i r  a c t io n s  th a n  t y r o s i n a s e  f r o m  m a m m a l s .  Som e p la n t  
e n z y m e s  c a t a ly z e  th e  o x id a t io n  of a  l a r g e  n u m b e r  o f d i f f e r e n t  m o n o -  
a n d  o - d ih y d r ic  p h e n o ls ,  a n d  S iz e r  (21) p r e s e n t e d  e v id e n c e  to  s u p p o r t  
th e  c o n te n t io n  th a t  p l a n t  p h e n o l  o x id a s e s  a c t  to  c a t a ly z e  the  o x id a t io n  
of t y r o s i n e  p r e s e n t  in  the  p e p t id e  c h a in  of c e r t a i n  p r o t e i n s .  M a m m a l ia n  
t y r o s i n a s e  i s  m o r e  a c t iv e  in  the  p r e s e n c e  of t y r o s i n e  a n d  d o p a  th a n  in  
th e  p r e s e n c e  of o th e r  s u b s t a n c e s  r e l a t e d  s t r u c t u r a l l y  to  t h e s e  a m in o  
a c i d s  (8) a l th o u g h  i t  h a s  n o t  b e e n  d e f in i t e ly  d e t e r m i n e d  i f  th e s e  s u b ­
s t a n c e s  a r e  o x id iz e d  w h en  a t t a c h e d  in  p e p t id e  c h a i n s .  N a t u r a l  s u b ­
s t r a t e s  i d e n t i f i e d  w i th  p h e n o la s e  in c lu d e  t y r o s i n e  (22), d o p a  (23), the 
ta n n in s  (24  & 25) a n d  c h lo r o g e n ic  a c i d  (26).
T he  o x id a t io n  of t y r o s i n e  a n d  d o p a  b y  t y r o s i n a s e  h a s  b e e n  
v e r y  w id e ly  i n v e s t i g a t e d  by  R a p e r  (27) a n d  b y  M a s o n  (2 8 -3 0 ) .  T he  
r e a c t i o n s  in v o lv e d  in  the  e n z y m a t ic  o x id a t io n  of d o p a  to  m e la n in  w e r e  
s u m m a r i z e d  by  M a s o n  (29) a n d  a r e  sh o w n  in  F i g u r e  1. M a so n  (2 8 -2 9 )  
v e r i f i e d  th e  p r e s e n c e  of h a l l o c h r o m e  ( p r e s e n t l y  r e f e r r e d  to a s  d o p a -  
c h r o m e )  a n d  M a s o n  a n d  W r ig h t  (30) sh o w e d  t h a t  the r e a r r a n g e m e n t  of 
th i s  s u b s t a n c e  w a s  p H  d e p e n d e n t .
T he  m o s t  d i s t in g u i s h in g  c h a r a c t e r  of p h e n o l - o x id iz in g  e n ­
z y m e s  is  t h e i r  r e q u i r e m e n t  f o r  c o p p e r .  A l l  e n z y m e s  w h ic h  h av e  
b e e n  s u f f i c i e n t ly  p u r i f i e d  h a v e  p r o v e n  to  be  c o p p e i^ p r o te in s  a n d  a s  
s u c h  a r e  in h ib i t e d  b y  s u b s t a n c e s  t h a t  b in d  c o p p e r .  K u b o w itz  (31)
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f i r s t  sh o w ed  a  l i n e a r  r e l a t io n s h i p  b e tw e e n  the c o p p e r  c o n te n t  of p o ta to  
p h e n o la s e  a n d  i t s  c a t e c h o la s e  a c t iv i ty .  He f u r t h e r  d e m o n s t r a t e d  t h a t  
c o p p e r - f r e e  p r o te in  no lo n g e r  p o s s e s s e d  Enzym e a c t iv i ty  b y  t r e a t in g  h is  
p r e p a r a t i o n s  w ith  c y a n id e  a n d  re m o v in g  th e  c o p p e r - c y a n id e  c o m p le x  by 
d i a ly s i s .  O th e r  d iv a le n t  m e ta l s  such  a s  i r o n ,  c o b a l t ,  n ic k e l ,  m a n g a n ­
e s e  and  z inc  w e r e  found to  b e  in e f fe c t iv e  in  r e s t o r i n g  the e n z y m e  a c t iv i ty  
w hen  a d d e d  to the  c o p p e r - f r e e  p r o te in .
M o s t  in h ib i t io n  s tu d ie s  c a r r i e d  ou t w ith  p h e n o l -o x id iz in g  e n ­
z y m e s  h av e  in v o lv e d  s u b s t a n c e s  w h ich  f o r m  w e a k ly  d i s s o c i a b l e  c o m ­
p le x e s  w i th  c o p p e r .  T h e s e  in c lu d e  s o d iu m  c y a n id e ,  h y d ro g e n  su lf id e ,  
c a r b o n  m o n o x id e ,  d i e th y l - d i t h i o c a r b a m a t e ,  s o d iu m  a z id e ,  p - a m i n o -  
b en zo ic  a c id ,  a n d  v a r io u s  su lfh y d ry l  c o m p o u n d s  (32). O th e r  ty p e s  of 
in h ib i to r s  a r e :  (a) c o m p e t i t iv e  i n h ib i to r s ,  in c lu d in g  N -a c e ty l \  t y r o s in e  
an d  o th e r  s u b s t i tu t e d  ty r o s in e  d e r i v a t iv e s ,  (b) s u b s ta n c e s  t h a t  c o m b in e  
w ith  o i-d ihydroxy  g ro u p s  s u c h  a s  so d iu m  m o ly b d a te  a n d  t r i e t h a n o l a -  
m in e  t i t a n a te ,  (c) s u b s ta n c e s  t h a t  c o m b in e  w ith  o r th o q u in o n e s  su c h  a s  
a n i l in e  a n d  p - p h e n y le n e d ia m in e ,  (d) r e d u c in g  s u b s t a n c e s  s u c h  a s  a s ­
c o rb ic  a c id  a n d  s u l f i t e s ,  a n d  (e) h y d ro q u in o n e s  s u c h  a s  p - h y d ro x y  
h y d ro q u in o n e  a n d  p -b e n z y lh y d ro q u in o n e  (32).
In  c e r t a i n  i n s t a n c e s ,  in h ib i to r s  h av e  b e e n  u s e d  to  r e t a r d  a c t i ­
v i ty  d u r in g  p u r i f i c a t io n .  T i t a n iu m  c o m p le x e s  of l a c t i c  a c id  a n d  t r i -  
e th a n o la m in e  h av e  b e e n  u s e d  s u c c e s s f u l l y  d u r in g  th e  p u r i f i c a t io n  of 
p o ta to  p h e n o l  o x id a se  (33).
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R e la t iv e ly  s m a l l  q u a n t i t i e s  of p h e n o l  o x id a s e s  h av e  b e e n  found  
in  a l l  s o u r c e s  e x a m in e d  a n d  c o n s e q u e n t ly  t h e i r  c o m p le te  p u r i f i c a t i o n  h a s  
n e v e r  b e e n  a t t a in e d .  F r o m  5 to  10 m g .  of the  e n z y m e  p e r  pound  of w e t  
m a t e r i a l  (8) h a s  b e e n  found  in  m u s h r o o m s  P .  c a m p e s t r i s  a n d  th is  i s  u s u ­
a l l y  c o n s id e r e d  th e  b e s t  s o u r c e  f o r  p r e p a r i n g  the  e n z y m e .  T h is  e n z y m e  
a n d  th o s e  f r o m  o th e r  p la n t s  a p p e a r  to  b e  w a t e r e d i s p e r s i b l e  c o l lo id s  a n d  
a r e  e a s i e r  to  c o n c e n t r a t e  th a n  th o s e  f r o m  m a m m a l i a n  s o u r c e s .  T h e  e n ­
z y m e  (s) f r o m  th e  l a t t e r  s o u r c e  a r e  r e t a i n e d  on u l t r a m i c r o s c o p i c  c y t o ­
p l a s m ic  p a r t i c l e s  a n d  a s  y e t  no  m e th o d  h a s  b e e n  found  b y  w h ic h  the  a c t iv e  
e n z y m e  c a n  be s e p a r a t e d  f r o m  th e s e  p a r t i c l e s  (7).
T he c l a s s i c a l  m e th o d s  f o r  p r o t e in  s e p a r a t i o n s  h av e  b e e n  u s e d  
to  p u r i f y  p h e n o l  o x id a s e s  f r o m  m a n y  s o u r c e s .  T h e s e  in c lu d e  c e l l  r u p tu r e ,  
o rg a n ic  s o lv e n t  f r a c t io n a t io n ,  f r e e z i n g  a n d  th a w in g ,  s a l t  f r a c t i o n a t i o n  a n d  
a d s o r p t io n  t e c h n i c s .  T h e  fo llo w in g  i n v e s t i g a t o r s  h a v e  p u r i f i e d  p h e n o l  o x i ­
d a s e s  u s in g  v a r io u s  t e c h n ic s :  K ubow itz  (31 & 34) f r o m  w h ite  p o ta to ;  K e i l in  
a n d  M ann  (35), L u d w ig  a n d  N e ls o n  (36), a n d  M a l le t t e  e t  a l .(3 7 )  f r o m  the  
c o m m o n  m u s h r o o m  P .  c a m p e s t r i s ;  D a l to n  a n d  N e ls o n  (38) f r o m  w ild  
m u s h r o o m s  L a c a t r i u s  p i p e r a t u a ; E i g e r  a n d  D a w so n  (39) f r o m  s w e e t  
p o ta to e s  a n d  H o g e b o o m  a n d  A d a m s  (15) f r o m  m o u s e  m e la n o m a  t u m o r .
T h e r e  i s  a lw a y s  a  l o s s  in  t o t a l  a c t iv i t y  d u r in g  p u r i f i c a t i o n  
of t h e s e  e n z y m e s  b y  m e th o d s  o u t l in e d  b y  th e  a b o v e  i n v e s t i g a t o r s  a n d  in  
m o s t  i n s t a n c e s  the  r a t i o  of c a t e c h o l a s e  a c t iv i t y  to  c r e s o l a s e  a c t iv i t y  i n ­
c r e a s e s  d u r in g  p u r i f i c a t i o n  in d ic a t in g  t h a t  the  m o n o p h e n o la se  a c t i v i ty  of
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th e s e  p r e p a r a t i o n s  m a y  be  l e s s  s ta b le  th a n  the  o -d ih y d r ic  p h e n o la s e  
a c t iv i ty  (9 & 37).
A n o th e r  i m p o r t a n t  a s p e c t  c o n c e r n in g  the  s t a b i l i ty  of p h e n o l  
o x id a s e s  i s  th e i r  a p p a r e n t  in a c t iv a t io n  d u r in g  c a t a l y s i s .  T h is  i n a c t i ­
v a t io n  i s  p ro n o u n c e d  fo r  p r e p a r a t i o n s  w ith  h ig h  c a t e c h o la s e  a c t iv i ty  
(38, 40 &c 41). M o s t  i n v e s t i g a t o r s  b e l ie v e  t h a t  r e a c t i o n  p r o d u c t s  a r e  
n o t  r e s p o n s ib le  f o r  th is  i n a c t iv a t io n  s in c e  in a c t iv a t io n  is  s t i l l  p r e v a ­
l e n t  in  the  p r e s e n c e  of a s c o r b i c  a c id  a n d  o th e r  r e d u c in g  a g e n t s  w h ic h  
r e d u c e  m -quinones b a c k  to  p h e n o lic  co m p o u n d s  (40). A f t e r  s tu d y in g  
a c t iv i ty  k in e t i c s ,  A s im o v  a n d  D aw so n  (41) c o n c lu d e d  th a t  in a c t iv a t io n  
in  the  p r e s e n c e  of p y r o c a t e c h o l  i s  n o t  due to  s u r f a c e  p h e n o m e n a  or 
r e a c t i o n  p r o d u c t s .
P h e n o l  o x id a se  a c t i v i t y  m a y  a l s o  be r e d u c e d  o r  d e s t r o y e d  by  
e le v a te d  t e m p e r a t u r e s ;  h o w e v e r ,  a c t i v i t y  m a y  be e n h a n c e d  w i th  
s l ig h t ly  e le v a te d  t e m p e r a t u r e s  fo r  p h e n o la s e s  f r o m  c e r t a i n  s o u r c e s .  
E x te n s iv e  s tu d ie s  b y  B od ine  a n d  c o - w o r k e r s  (42 -48 ) h ave  e s t a b l i s h e d  
the  i n t e r e s t i n g  f a c t  t h a t  p h e n o l  o x id a s e s  e x i s t  in  c e r t a i n  i n v e r t e b r a t e s  
a s  an  in a c t iv e  p r e c u r s o r  o r  p r o e n z y m e .  T h is  a p p e a r s  to  be the  only 
type of o x id iz ing  e n z y m e  o c c u r r in g  in  the  z y m o g e n  f o r m .  The 
" p r o t y r o s i n a s e "  i s o l a t e d  f r o m  the  d ia p a u s e  e g g s  of the  g r a s s h o p p e r  
(M e la n o p lu s  d i f f e r e n t i a l i s ) ,  l a r v a e  of th e  m e a lw o r m  ( T e n e b r io  
m o l i to r )  a n d  c e r t a i n  o th e r  i n v e r t e b r a t e s  c a n  be c o n v e r te d  to  the 
a c t iv e  f o r m  b y  a  l a r g e  v a r i e t y  of t r e a t m e n t s ,  w h ich  h av e  the  c o m ­
m on  p r o p e r t y  of in d u c in g  p r o te in  d e n a tu r a t io n .
C H A P T E R  III
Q U A N TITA TIV E M ETH O D S O F  ANALYSIS
A . A c t iv i ty  M e a s u r e m e n t s
Two p r in c ip a l  m e th o d s  h av e  b e e n  u s e d  in  p a s t  i n v e s t ig a t io n s  
f o r  d e te r m in in g  t y r o s i n a s e  a c t i v i ty .  One in v o lv e s  d e t e r m in a t io n  b y  c h e m i ­
c a l  m e a n s  of e i t h e r  the r a t e  of d i s a p p e a r a n c e  of the  s u b s t r a t e  o r  the  r a t e  
of f o r m a t io n  of s o m e  r e a c t i o n  p r o d u c t .  The o th e r  m e a s u r e s  by  m a n o -  
m e t r i c  t e c h n ic s  the  r a t e  of oxygen  u p tak e  b y  the  e n z y m e - s u b s t r a t e  s y s t e m .  
B oth  c o l o r i m e t r i c  a n d  m a n o m e t r i c  m e th o d s  w e re  u s e d  in  the  
p r e s e n t  i n v e s t ig a t io n  to s tu d y  a c t i v i t i e s  of s h r i m p  p h e n o la s e ( s ) .  T he  a c tu a l  
m e th o d  u s e d  d e p e n d e d  to a  l a r g e  e x te n t  upon  the  type  of s u b s t r a t e  a c t iv i ty  
m e a s u r e d ,  b u t  in  g e n e r a l  i t  w a s  found  th a t  c o l o r i m e t r i c  m e th o d s  w e r e  
m o r e  p r a c t i c a l .  T he  m e th o d s  u s e d  w e r e  a s  fo llo w s :
1. C a te c h o la s e  A c t iv i ty
A c o l o r i m e t r i c  m e th o d  w as  u s e d  f o r  c o m p a r in g  the c a t e ­
c h o la s e  a c t iv i t i e s  of d i f f e r e n t  f r a c t i o n s  f r o m  s h r im p  d u r in g  p u r i f i c a t io n  
s tu d ie s .  T h is  m e th o d  s e e m e d  to  o f fe r  th e  g r e a t e s t  sp e e d ,  s im p l i c i t y  an d  
s e n s i t iv i ty .  I t  w as  b a s e d  on the  m e th o d  of S m ith  an d  S to tz  (49), f o r  d e ­
te r m in in g  p h e n o la s e  a c t iv i ty  in  p la n t  m a t e r i a l  a n d  d e p e n d s  on the  r e d u c ­
t io n  of e i t h e r  2, 6 - d ic h lo r o b e n z e n e o n e - in d o - 3 - c h lo r o p h e n o l  o r
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2, 6 - d ic h lo r o b e n z e n e  in d o p h e n o l  w ith  h y d ro g e n  a n d  p a l la d iu m  c a t a l y s t  and  
coiidation of the  le u c o  dye in  the  p r e s e n c e  of e n z y m e  a n d  c a te c h o l .
The o x id iz e d  p h e n o l ic  s u b s t r a t e  i s  c o n t in u a l ly  r e d u c e d  by th e  leu co  
dye a s  fo llo w s :
0
r e d u c e d  o x i d i z e d
d y e  d y e
R e a c t io n  (b) i s  s t o i c h io m e t r i c  a n d  r a p id  c o m p a r e d  w ith  (a) so  th a t  the  o v e r ­
a l l  r e a c t i o n  i s  l im i t e d  b y  the  e n z y m a t ic  s te p .  T h e  r e a c t i o n  i s  fo llw e d  by  
m e a s u r in g  the  o x id iz e d  dye p h o to m e t r i c a l l y  a t  660 m  ^  u n d e r  c o n d i t io n s  in  
w h ic h  th e  qu inone  d o e s  n o t  a c c u m u la t e .
The e x a c t  p r o c e d u r e  f o r  d e t e r m in in g  c a t e c h o la s e  a c t iv i ty  b y  th is  
m e th o d  w as  a s  fo llo w s :  f ive  m l .  a l iq u o ts  of 0. 0005 M le u c o  dye an d  
0. 1 M p h o s p h a te  b u f fe r  (pH 6. 0) w e r e  t r a n s f e r r e d  to  E v e ly n  tu b e s ,  m ix e d  
a n d  i m m e r s e d  in  a c o n s ta n t  t e m p e r a t u r e  b a th  m a in ta in e d  a t  3 5 ° C .+  0. 1 °C . 
T h is  m ix tu r e  w a s  sh a k e n  s e v e r a l  t i m e s  d u r in g  the  n e x t  5 m in u te s  a n d  1 m l .  
of e n z y m e  a d d e d  fo llo w e d  by  the  a d d i t io n  of 1 m l .  of 0. 1 M  c a te c h o l  
(3 5 °C ).  T he tube  w as  q u ic k ly  s w i r l e d  f o r  m ix ing  a n d  i n s e r t e d  in  an  E v e ly n  
p h o to e le c t r i c  c o l o r i m e t e r  (660 mjx f i l t e r )  a n d  the  l a m p  r h e o s t a t  a d ju s te d  
to 100% t r a n s m i t t a n c y .  S im u l ta n e o u s ly ,  a  s to p  w a tc h  w as  s t a r t e d ,  an d
the  tube im m e d ia te ly  r e t u r n e d  to the  35°C w a t e r  b a th .  T he m ix tu re  w a s  
sh a k e n  a f t e r  30 s e c o n d s  to r e p l e n i s h  oxygen  a n d  the g a lv a n ic  r e a d in g  r e ­
c o r d e d  a f t e r  60 s e c o n d s .  S im i la r  p r o c e d u r e s  w e re  fo llo w e d  to  m e a s u r e  
a u to x id a t io n  of c a te c h o l  a n d  e n d o g en o u s  o x id a t io n  of the  e n z y m e .  F o r  
th e s e  d e t e r m in a t io n s ,  the  e n zy m e  a n d  c a te c h o l  r e s p e c t i v e l y  w e re  r e ­
p la c e  by 1 m l .  of w a t e r .
R e la t iv e  c a te c h o la s e  a c t iv i t y  w a s  c o m p u te d  by  c o n v e r t in g  
p e r c e n ta g e  t r a n s m i t t a n c y  a f t e r  1 m in u te  to a b s o r b a n c e ,  s u b t r a c t in g  the 
s u m  of the a u to x id a t io n  of s u b s t r a t e  an d  e n d o g en o u s  o x id a tio n  of e n z y m e  
f r o m  to ta l  o x id a t io n  a n d  m u lt ip ly in g  b y  10 :
R e la t iv e  = (A D t) -  (AD* + APa ) . i o 3
A c t iv i ty
W h e re :
AD-f- = C hange  in  a b s o r b a n c e  a s  m e a s u r e  of t o t a l  o x i­
d a t io n ,
ADe = C hange  in  a b s o r b a n c e  a s  m e a s u r e  of en d o g en o u s  
o x ida tion ,
ADa = C h ange  in  a b s o r b a n c e  a s  m e a s u r e  of a u to x id a t io n  
of s u b s t r a t e ,  an d
AT = R e a c t io n  t im e  {1 m in u te ) .
A b s o lu te  o r  s p e c i f ic  a c t iv i ty  fo r  c a t e c h o la s e  a s  m e a s u r e d  by  
th is  m e th o d  w a s  b a s e d  e i t h e r  on q u a n t i ty  of n o n - d ia l i z a b le  s o l id s  (m g . / m l . )  
o r  on the  a m o u n t  of p r o te in  (m g. / m l .  ). I t  w a s  c o m p u te d  b y  d iv id in g  th e s e  
q u a n t i t ie s  in to  the  r e l a t iv e  a c t iv i ty .
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The pH h a d  to  b e  c a r e f u l l y  c o n t r o l l e d  d u r in g  a c t iv i t y  m e a s u r e ­
m e n ts  s in c e  a  s l ig h t  c h a n g e  in  pH  r e s u l t e d  in  a  l a r g e  v a r i a t i o n  in  a c t iv i t y .  
The e f f e c t  of pH  on c a t e c h o l a s e  a c t iv i t y  u n d e r  th e  c o n d i t io n s  of th i s  m e th o d  
i s  show n  in  F i g u r e  2, w h e r e  a c t i v i ty  i s  p lo t t e d  a g a i n s t  p H . The e n z y m e  
p r e p a r a t i o n  u s e d  in  th is  e x p e r i m e n t  w a s  o b ta in e d  b y  b le n d in g  P. s e t i f e r u s  
h e a d s  w ith  a n  e q u a l  w e ig h t  of c o ld  (4°C«) d i s t i l l e d  w a t e r ,  f r e e z i n g  (-40°C») 
an d  th a w in g  s e v e r a l  t i m e s  a n d  c e n t r i f u g in g  (2 , 600 X g . ,  10 m i n . ). C u rv e  
(T) i s  the  c h a n g e  in  t o t a l  a c t i v i t y  of th e  s u p e r n a t a n t  s o lu t io n  a s  m e a s u r e d  
b y  th e  in d o p h e n o l  m e th o d  w i th  c h a n g e  in  pH  a n d  d e m o n s t r a t e s  the  c o n t in u a l  
r i s e  in  a c t i v i t y  a s  the  p H  i n c r e a s e d  f r o m  5 .0  to  8 . 5 .  C u r v e  ( T - E )  i s  s i m i ­
l a r  to  c u r v e  (T) e x c e p t  t h a t  th e  e n d o g e n o u s  o x id a t io n  of th e  e n z y m e  w as  
s u b t r a c t e d  f r o m  to ta l  o x id a t io n .  C u r v e  (T -A )  w a s  o b ta in e d  b y  s u b t r a c t i n g  
a u to x id a t io n  o f the  s u b s t r a t e  f r o m  to t a l  o x id a t io n ,  a n d  c u r v e  T -  (E+A) i s  
th e  c h a n g e  w i th  pH w h en  th e  s u m  of a u to x id a t io n  of s u b s t r a t e  a n d  e n d o ­
g e n o u s  o x id a t io n  of e n z y m e  w as  s u b t r a t e d  f r o m  to t a l  o x id a t io n .
T h e s e  r e s u l t s  sh o w  th a t  th e  o p t im a l  p H  fo r  a c t i v i t y  f o r  th is  
type  of m e a s u r e m e n t  i s  6. 8, b u t  a t  t h i s  p H  t h e r e  w a s  c o n s id e r a b l e  a u to x i ­
d a t io n  of s u b s t r a t e  a s  w e l l  a s  e n d o g e n o u s  o x id a t io n  o f ;the  e n z y m e .  A t  pH  
6 .0  t h e s e  o x id a t io n s  w e r e  l e s s  p r o n o u n c e d  a n d  a c t i v i t y  m e a s u r e m e n t s  
w e r e  c o n s e q u e n t ly  m o r e  r e p r o d u c i b l e .  T h e  o p t im a l  t e m p e r a t u r e  f o r  
m e a s u r i n g  a c t i v i t y  of t h i s  e n z y m e  p r e p a r a t i o n  a t  p H  6. 0 w a s  3 5 °C .  (See 
F i g u r e  3).
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W hen th is  e n z y m e  p r e p a r a t i o n  w a s  d i l u t e d  1:2 a n d  1 :4  a n d  r e ­
a c t io n  r a t e s  c o m p a r e d  w i th  u n d i lu te d  e n z y m e ,  i t  w a s  fo u n d  th a t  the  
m o s t  v a l id  v a lu e s  w e r e  th o s e  t a k e n  a f t e r  one m in u te  r e a c t i o n  t im e .  
M a x im u m  d i f f e r e n c e  b e tw e e n  r e a c t i o n  r a t e s  ( c o r r e c t e d  f o r  d i lu t io n  
a n d  e n d o g e n o u s  a n d  a u to x id a t io n )  d e t e r m i n e d  in  th i s  m a n n e r  w a s  
u s u a l ly  10% in  t e r m s  of a b s o r b a n c e  p r o v id e d  th e  u n d i lu te d  e n z y m e  
d id  n o t  c a t a ly z e  the  o x id a t io n  of th e  l e u c o  dye m o r e  th a n  0 .2 5  a b s o r b ­
a n c e  u n i ts  p e r  m in u te .  T y p ic a l  r e s u l t s  f r o m  th i s  type  of e x p e r i m e n t  
a r e  show n in  F i g u r e  4 .  E n z y m e  s a m p l e s  a n a l y z e d  f o r  c a t e c h o l a s e  
a c t i v i t y  in  p u r i f i c a t i o n  s tu d ie s  w e r e  a lw a y s  d i lu te d  so  t h a t  the  m a x i ­
m u m  c h a n g e  in  a b s o r b a n c e  f o r  one m in u te  r e a c t i o n  i n t e r v a l  w a s  0 .2 2 .
T h e  m a j o r  d i s a d v a n ta g e  of th i s  p r o c e d u r e  f o r  d e t e r m in in g  
a c t i v i ty  i s  t h a t  v a r i o u s  o th e r  r e d o x  s y s t e m s ,  b o th  o rg a n ic  a n d  in o r g a n ic  
i n t e r f e r e  w i th  th e  r e a c t i o n .  S e v e r a l  in o r g a n ic  io n s ,  p a r t i c u l a r l y  C u ^  
o x id iz e  the  l e u c o  dye s l ig h t ly  u n d e r  th e  c o n d i t io n s  of c a t e c h o l a s e  
m e a s u r e m e n t .  A s  a  m e a n s  of r e d u c in g  e x t r a n e o u s  o x id a t io n s  to a  
m in im u m ,  i n t e r f e r i n g  t r a c e  io n s  w e r e  r e m o v e d  b y  io n  e x c h a n g e  r e s i n s ;  
A m b e r l i t e  IR  4 B -O H  a n d  IR  1 2 0 -H . D i s t i l l e d  w a t e r  w a s  p e r c o l a t e d  
f i r s t  th r o u g h  a n  a n io n  e x c h a n g e  c o lu m n  ( A m b e r l i t e  IR  4 B -O H ) fo llow ed  
by  a  c a t io n  e x c h a n g e r  ( A m b e r l i t e  IR  1 2 0 -H ) .  T h is  w a t e r  w a s  f r e e  of 
c o p p e r ,  i r o n ,  c o b a l t  a n d  n i c k e l  a s  d e t e r m i n e d  b y  s p o t  t e s t  a n a l y s i s  
(50), ( d i th io o x a m id e ,  c o p p e r ;  - d ip y r i d y l ,  i r o n ;  O ^ - n i t r o s o -
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ac id ,  hav ing  a  pH  of a p p ro x im a te ly  5 .0 .  T h is  w a s  no d isa d v a n ta g e  
s in ce  a l l  en zy m e s a m p le s  w e r e  b u f fe re d .
A d v a i\ ta^ es  of th is  m e th o d  o th e r  than  s im p l ic i ty ,  r a p id i ty  
an d  s e n s i t iv i ty  w e r e :  (a) i t  l im i te d  the  am o u n t of s u b s t r a t e  u sed ,  
so  th a t  the c o n c e n t r a t io n  r e m a in e d  h ig h  enough to  s u p p o r t  m a x im a l  
a c t iv i ty  of the e n z y m e ,  and  (b) i t  m in im iz e d  the p o s s ib i l i ty  th a t  a  
s ig n if ic a n t  p a r t  of the  e n zy m e  w ould be  in a c t iv a te d  d u r in g  the r e ­
a c t io n  p e r io d ,  an d  th is  w as im p o r t a n t  s in c e  the r e a c t io n  t e m p e r a ­
tu re  w as  r e l a t iv e ly  h igh .
2. D opa O xidase  A c t iv i ty
Dopa o x id a se  a c t iv i ty  w as  a l s o  d e te r m in e d  by a  c o l o r im e t r i c  
m e th o d . T h is  m e th o d  d ep en d ed  on the ox ida tion  of dopa to a  r e d  c o m ­
pound, 2 - c a r b o x y - 2 ,  3 -d ih y d ro in d o le -5 ,  6 -q u in o n e  (d o p a c h ro m e ) .  T h is  
s u b s ta n c e  i s  the f i r s t  c o lo re d  i n t e r m e d ia t e  f o rm e d  in  the ox ida tion  of 
dopa by p h e n o la s e .  I t  u n d e rg o e s  a  b a s e - c a t a l y z e d  (n o n -e n z y m a t ic )  
d e c a rb o x y la t io n  a n d  r e a r r a n g e m e n t ,  a n d  s u b se q u e n t ly  i s  p o ly m e r iz e d  
to m e la n in  (27). A t  pH  6 .0  o r  lo w e r ,  th e  r e d  co m p o u n d  i s  r e l a t iv e ly  
s ta b le  (51) and  i t  w a s  show n by  H o ro w itz  an d  Shen (52) th a t  the m a x i ­
m u m  r a t e  of d o p a c h ro m e  p ro d u c t io n  i s  p r o p o r t io n a l  to the enzym e 
c o n c e n t r a t io n  in  N e u r o s p o r a  c r a s s a  e x t r a c t s .
The p r o c e d u r e  fo r  d e te rm in in g  d o p a  o x id ase  a c t iv i ty  c o lo r i -  
m e t r i c a l ly  w as a s  fo llo w s; S even  m l.  of 0. 2 M so d iu m  p h o sp h a te  
b u f fe r  (pH 6. 0) an d  2 m l .  of 0. 5% (w /v) g e la t in  w e re  a d d ed  to E v e ly n
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tu b e s  and  w a r m e d  to  3 5 °C .  Tw o m l.  of s u b s t r a t e  c o n ta in in g  3. 5 m g. 
dopa  p e r  m l .  w e r e  a d d e d  fo llo w ed  by  one m l .  en zy m e  so lu t io n  a n d  the 
s a m p le s  m a in ta in e d  a t  3 5 °C .  fo r  t h r e e  h o u r s .  A t  th e  end  of the  r e ­
a c t io n  p e r io d ,  the  a b s o r b a n c e  w as  d e t e r m in e d  p h o to m e t r i c a l ly  in  an  
E v e ly n  c o l o r i m e t e r  a t  470 m/ii a n d  c o m p a r e d  w ith  a b la n k  co n ta in in g  
e n z y m e ,  b u f fe r  a n d  w a t e r .  No c o r r e c t i o n  w a s  n e c e s s a r y  fo r  a u to x i -  
d a t io n  of the  s u b s t r a t e  a t  pK  6. 0.
W hen a  p a r t i a l l y  p u r i f i e d  ( se e  a p p e n d ix  I) e n z y m e  w as  d i lu te d  
a n d  a n a ly z e d  fo r  d o p a  o x id a se  a c t iv i ty  by  th i s  m e th o d  a n d  c o r r e c t i o n s  
m ad e  f o r  p r o te in  d i lu t io n ,  th e  a g r e e m e n t  w a s  u s u a l ly  w ith in  7%.
T a b le  I show s a b s o r b a n c e  v a lu e s  m e a s u r e d  a t  v a r io u s  t im e  in t e r v a l s  
on e n z y m e  p r e p a r a t i o n s  of d i f f e r e n t  d i lu t io n s  f r o m  r e p r e s e n t a t i v e  e x ­
p e r i m e n t s .  T he  b e s t  a g r e e m e n t  in  b o th  c a s e s  w as  a f t e r  t h r e e  h o u r s  
r e a c t io n  t im e .
T h is  c o l o r i m e t r i c  m e th o d  fo r  dopa  o x id a se  a c t i v i ty  w as  m o re  
c p n v e n ie n t  a n d  c o n s id e r a b ly  m o r e  s e n s i t iv e  th a n  the  m a n o m e t r i c  
m e th o d ,  an d  c o n s e q u e n t ly  h ad  g r e a t e r  a p p l i c a b i l i ty  in  m e a s u r in g  a c t i ­
v i t i e s  of d i lu te  c r u d e  e x t r a c t s ,  s in c e  the  e f f e c ts  of i n t e r f e r i n g  s u b ­
s ta n c e s  w e re  m in im iz e d  b y  u s in g  d i lu te  p r e p a r a t i o n s  of the  e n z y m e .
R e la t iv e  dopa  o x id a se  a c t iv i ty  w as  c o m p u te d  by  c o n v e r t in g  
p e r c e n ta g e  t r a n s m i t t a n c y  o b ta in e d  a f t e r  t h r e e  h o u r s  to a b s o r b a n c e ,  
s u b t r a c t in g  en d o g e n o u s  o x id a t io n  of e n z y m e  an d  m u lt ip ly in g  the  r e s u l t  
by 10^.
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T A B L E  I
C O LO R IM ETR IC  D E TE R M IN A T IO N  O F DOPA.OXIDASE A C TIV IT Y  
O F  D IF F E R E N T  DILUTIONS O F E N ZY M E A T VARIOUS R E A C T IO N
IN TE R V A L S
T im e  V a r ia t io n  of a b s o r b a n c e  a f t e r  d ilu t io n  c o r r e c t i o n
(min.)
E x p e r im e n t  1 E x p e r im e n t  2
( N o d i l . )  (1:1 d i l . )  (1:3 d i l . ) ( N o d i l . )  (1:1 d i l . ) (1:3 a i l . )




20 0 .1369 0. 1412 
(3.1% )
0 .2 0 2 0  
(43%)
30 0 .1 5 4 9 0 .1 6 9 6  
(9.5% )
0 .2 2 2 0  
(22%)
60 0. 2147 0 .2 0 4 8
(4.6% )
0 .2 6 2 0
(9.2%)
0 .1 7 3 9 0 .1 3 1 0  
(23%)
0 .2 0 2 0  
(16%)




120 0 .3 1 9 0 0 .3 0 3 6  
(4. 7%)
0 .3 3 9 2  
(5. 5%)
0 .2 5 9 6 0 .2 6 1 6
(7.8% )
0 .2 8 2 4  
(8.8% )
150 0 .3 5 7 0 0 .3 4 4 6  
(2 .5% )
0 .3 7 6 8  
(5.5% )
180 0 .3 9 8 0 0 .3 8 7 8
(2.5% )
0 .4 2 0 4  
(5. 6%)




* P e r  c e n t  d e v ia t io n  f r o m  u n d i lu te d  s a m p le .
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R e la t iv e  -j
A c t iv i ty  = ( 4Dt  -  ADe ) X 103
AD.J. = a b s o rb a n c e  change d u r in g  th r e e  h o u r  r e a c t io n  p e r io d  
in  the p r e s e n c e  of e n z y m e  an d  D L -d o p a .
AD0 = a b s o rb a n c e  change  d u r in g  t h r e e  h o u r  r e a c t io n  p e r io d  
in  p r e s e n c e  of en zy m e  w ith o u t  a d d ed  s u b s t r a t e .
Specif ic  a c t iv i ty  fo r  dopa  o x id a se  w as  o b ta in ed  by d iv id ing  the 
r e l a t iv e  a c t iv i ty  e i th e r  by  q u an ti ty  of n o n -d ia ly z a b le  so l id s  (m g . / m l . ) 
o r  a m o u n t  of p r o te in  ( s e e  l a t e r )  in  1 m l .  of e n z y m e  s a m p le .
3. M a n o m e tr ic  M e a s u r e m e n ts  of S h r im p  P h e n o la s e  A c t iv i ty  
In our  h an d s ,  m anom eljr ic  m e th o d s  h av e  been  u n s a t i s f a c to r y  
f o r  ro u tin e  u se  in  d e te rm in in g  p h e n o la se  a c t iv i t i e s  of s h r im p  s a m p le s  
d u r in g  p u r i f ic a t io n  s tu d ie s .  O th e r  in v e s t ig a to r s  have a l s o  found th a t  
th e e e  m e th o d s  a r e  u n r e l ia b le  in  p u r i f i c a t io n  s tu d ie s  (53) and  s o m e  (35, 
54-58) have  r e s o r t e d  to  o th e r  m e th o d s  f o r  d e te rm in in g  a c t iv i t i e s  of 
p h e n o la s e s  f r o m  v a r io u s  s o u r c e s .
M a n o m e tr ic  d e te r m in a t io n s  of p h e n o la s e  a c t iv i ty  of s h r im p  
s a m p le s  i s  c o m p l ic a te d  by  the r e l e a s e  of c a r b o n  dioxide and  a m m o n ia .  
C a rb o n  d iox ide  i s  a p p a r e n t ly  r e l e a s e d  b y  the  a c t io n  of d e c a r b o x y la s e s  
in  s h r im p  s a m p le s  and  w as  d e te c te d  q u a l i ta t iv e ly  by u s in g  C onw ay c e l l s  
(59). B a r iu m  h y d ro x id e  w as  a d d e d  to the  o u te r  w a l l  of C onw ay c e l l s  
an d  aq u eo u s  P .  s e t i f e r u s  h e a d  e x t r a c t  a n d  D L -d o p a  a d d e d  to the c e n te r  
w e l l .  A f te r  1 h o u r ,  a  c o n s id e r a b le  q u a n t i ty  of b a r iu m  c a r b o n a te  h ad  
f o r m e d  in  the o u te r  w e l l s  of c e l l s  co n ta in in g  th is  r e a c t io n  m ix tu re  bu t
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the b a r iu m  h y d ro x id e  in  a  c o n t ro l  s y s te m  w h ich  ex c lu d ed  the e n zy m e  
w as  only s l ig h t ly  tu rb id .  A m m o n ia  ev o lu tio n  w as  a l s o  d e m o n s t r a t e d  
in  a  s im i l a r  e x p e r im e n t  by  u s in g  N e s s l e r ' s  r e a g e n t  (60) in  the o u te r  
w e l ls  of Conw ay c e l l s .  A m m o n ia  is  b e l ie v e d  to  be  r e l e a s e d  by the 
a c t io n  of qu in o n es  on f r e e  a m in o  a c id s  o r  f r e e  a m in e  g ro u p s  of p r o ­
te in  (61). The p r e s e n c e  of a m m o n ia  an d  a m in e s  m ade  pH  c o n t r o l  
d i f f ic u l t  an d  u n le s s  h ig h  b u f fe r  c o n c e n t r a t io n s  w e re  u se d ,  the pH 
i n c r e a s e d  to 8. 0 o r  m o re  a f t e r  a s h o r t  r e a c t io n  t im e .
In i n s t a n c e s  w h e re  m a n o m e t r ic  m e th o d s  w e re  u s e d ,  oxygen 
u p tak e  w as m e a s u r e d  in  s ta n d a rd  W a rb u rg  m a n o m e te r s  u s in g  f la t  
b o tto m  20 m l.  r e a c t io n  f l a s k s .  T he  t e m p e r a t u r e  in  m o s t  m e a s u r e ­
m e n ts  w as 2 5 ° C . ,  the s o lu t io n s  w e r e  b u f fe r e d  w ith  0. 4 M so d iu m  
p h o sp h a te  b u f fe r  a t  pH  6 . 8, 0. 1 m l.  of 10% p o ta s s iu m  h y d ro x id e  w a s  
u s e d  in  the c e n te r  w e l l  w i th  the u s u a l  f i l t e r  p a p e r  w ick  to  i n c r e a s e  
s u r f a c e  a r e a ,  a n d  1% g e la t in  u s e d  to r e t a r d  in a c t iv a t io n  of the  e n z y m e  
d u r in g  the r e a c t io n  (62). One m l .  of s o lu t io n  co n ta in in g  the  r e q u i r e d  
a m o u n t  of s u b s t r a te  w as  a d d e d  to the r e a c t io n  f la s k  fo llow ed  by the 
a d d it io n  of 1 .9  m l.  of b u f fe r  (pH 6 .8 )  an d  0. 5 m l .  of g e la t in  so lu t io n .  
E n z y m e  (0 .5  m l . )  w as  p ip e t te d  in to  a  s id e  a r m ,  the  m a n o m e te r s  and  
f la s k s  c o n n e c te d  to the w a te r  b a th  an d  a l lo w e d  to  o s c i l la te  70 o s c i l l a -
f
t ions  p e r  m in u te  fo r  5 m in u te s .  The s y s te m  w as  th en  c lo s e d ,  the 
e n z y m e  m ix ed  w ith  s u b s t r a t e  an d  m a n o m e te r  r e a d in g s  ta k e n  a t  z e r o  
t im e .  S u b seq u en t r e a d in g s  w e r e  ta k e n  a t  5 m in u te  i n te r v a l s  fo r  20
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m in u te s ,  then  a t  10 m inu te  i n te rv a ls  fo r  1 h o u r  o r m o re  depending  on 
th e  a c t iv i ty  of the e n z y m e .
In  m o s t  in s ta n c e s ,  i t  w as  found th a t  the enzym e p r e p a ra t io n s  
th e m s e lv e s  a b s o rb e d  oxygen in  the a b s e n c e  of a d d ed  s u b s t r a te .  I t  w as 
n e c e s s a r y  th e r e fo r e  to s u b t r a c t  th is  endogenous ox idation  f r o m  to ta l  
ox ida tion  to  ob ta in  exog en o u s  s u b s t r a te  oxidation . When oxygen up take 
w a s  m e a s u re d  in s y s te m s  b u f fe re d  a t  pH 6 .8  o r  lo w e r  th e r e  w as s l ig h t  
a u to x id a tio n  of the v a r io u s  s u b s t r a t e s  u s e d  and th is  a lso  w as  s u b t r a c t ­
e d  f ro m  to ta l  ox ida tion . The exogenous  oxidation  of the ad d ed  su b ­
s t r a t e  was ob ta ined  by s u b tra c t in g  the su m  of the endogenous o x id a ­
t io n  and the au to x id a tio n  of the  s u b s t r a te  f ro m  to ta l  ox idation .
T h is  m ethod  w as  u s e d  p r i m a r i l y  to d e te rm in e  the s u b s t r a te  
s p e c i f i c i t i e s ,  the e f fe c t  of d i f f e re n t  s u b s t r a te  l e v e l s ,  and  the e f fec t  
o f  t e m p e r a tu r e  ch an g es  on s h r im p  p h e n o la se  p r e p a r a t io n s .
B . P r o te in  D e te rm in a t io n
S e v e r a l  m e th o d s  w e re  u se d  fo r  p ro te in  d e te rm in a t io n ;  the 
m e th o d  of ch o ice  depended  l a r g e ly  on the q u an ti ty  of s a m p le  a v a ilab le  
fo r  a n a ly s is .  When f r a c t io n a t io n s  w e re  m ade w ith  la r g e  q u a n t i t ie s  of 
s h r im p  p r e s s  ju ice  o r  e x t r a c t s ,  the d r y  w eigh t of the n o n -d ia ly z a b le  
f r a c t io n  w as  d e te r m in e d  a s  fo llow s: s a l t - f r e e  a l iq u o ts  of e a c h  p r e ­
p a r a t io n  w e re  ob ta ined  by  d ia ly s is  (see  A ppend ix  II) u s ing  s e v e r a l  
c h a n g e s  of c o p p e r - f r e e  w a te r .  The d ia ly z e d  sa m p le  w as th e n  q u an ­
t i t a t iv e ly  t r a n s f e r r e d  to v o lu m e tr ic  f l a s k s .  A liq u o ts ,  depending  on
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the q u an ti ty  of p r o te in ,  w e re  then  t r a n s f e r r e d  to t a r e d  a lu m in u m  p an s  
and  d r ie d  to c o n s ta n t  w e ig h t  a t  95°C .
E i th e r  the b i u r e t  m e th o d  of H i l l e r ,  M c In to sh  and  V an Slyke 
(63) fo r  d e te rm in in g  p r o te in  in  u r in e  o r  the s u lfo s a l ic y l ic  a c id  m ethod  
of E x to n  (64) w as u s e d  fo r  d e te rm in in g  p r o te in  w h en  the q u a n t i ty  of 
enzym e s a m p le  w as  l im i te d .  The s u l fo s a l ic y l ic  a c id  m e th o d  w as  u s e d  
only w hen  the s a m p le  v o lum e w as  v e r y  s m a l l ,  su c h  a s  in  the v a r io u s  
b lood  s a m p le s .  V e ry  good r e s u l t s  w e re  o b ta ined  w ith  th is  m e th o d  
p ro v id e d  s a m p le s  w e r e  d i lu te d  1 to 150 and  the s u l f o s a l ic y l ic  a c id  
then  a d d e d  to th is  d i lu te d  s a m p le .  O va lb u m in  w as  u se d  a s  a  s ta n d a rd  
fo r  b o th  of th ese  m eth o d s  an d  the p r o te in  v a lu es  d e te r m in e d  by  the 
s u l fo s a l ic y l ic  a c id  m e th o d  c o n v e r te d  to e q u iv a le n t  q u a n t i t ie s  of 
b iu r e t  p r o te in  ( i . e .  p r o te in  a s  d e te r m in e d  by  b i u r e t  m ethod) so  th a t  
a  m o re  d i r e c t  c o m p a r i s o n  cou ld  be m ad e  in  d e te rm in in g  sp e c if ic  a c t i ­
v i t i e s .  A c o n v e r s io n  f a c to r  of 0 .6  (A ppend ix  III) w a s  u s e d  to c o n v e r t  
s u l fo s a l ic y l ic  a c id  p r o te in  to  b i u r e t  p r o te in .
Specific  a c t iv i t i e s  w e re  d e te r m in e d  e i t h e r  on the  b a s i s  of 
n o n -d ia ly z a b le  so l id s  o r  on the b a s is  of b i u r e t  p r o te in .  One m g . of 
p ro te in  o b ta in ed  by  the b i u r e t  m e th o d  w as  e q u iv a le n t  to 3 m g . of d ry  
m a t t e r  ( s e e  A p pend ix  IV). A b b re v ia t io n s  a r e  u s e d  th ro u g h o u t  the 
r e m a in d e r  of th is  th e s i s  to  in d ic a te  sp e c if ic  a c t i v i t i e s  of v a r io u s  e n ­
zym e f r a c t io n s .  T h e se  a r e  a s  fo llow s:
26.
Cw and Dw r e p r e s e n t  c a te c h o la s e  and  D L -d o p a  ox idase  
spec ific  a c t iv i t i e s  b a s e d  on d ry  w e igh ts  (m g . of non- 
d ia ly zab le  so lid  p e r  m l.  of s a m p le ) .
and  r e p r e s e n t  c a te c h o la s e  an d  D L -d o p a  ox idase  
spec ific  a c t iv i t i e s  b a s e d  on q u an ti ty  of p ro te in  (m g . / m l . )  
d e te rm in e d  by the b iu r e t  m e th o d  (o r  c o n v e r te d  to  e q u i­
v a le n t  q u a n t i t ie s  of p r o te in  w hen the su lfo sa l ic y l ic  a c id  
m ethod  w as  used)
C. E s t im a t io n  of C o p p e r
S am ples  u s e d  fo r  c o p p e r  a n a ly s is  w e re  d ia ly z e d  a g a in s t  f r e ­
quen tly  chan g ed  c o p p e r - f r e e  w a te r  fo r  a t  l e a s t  72 h o u rs  to a s s u r e  
c o m p le te  r e m o v a l  of non -b o u n d  c o p p e r .  E nough  c o p p e r -c o n ta in in g  
sa m p le  (u su a lly  3 to 5 m l . ) w as ad d ed  to a  m ic ro  K je ld ah l f la sk  to 
give 0. 1 m g. to 0. 3 m g. of c o p p e r .  Two m l. of c o n c e n t ra te d  s u l ­
fu r ic  a c id  and  5 m l.  of c o n c e n t r a te d  n i t r i c  a c id  w e re  added . G la s s  
b ead s  w e re  u se d  to p r e v e n t  bum ping  and the s a m p le s  w e re  d ig e s te d  
over  a  m ic r o b u r n e r .  H eating  w as  co n tin u ed  u n t i l  so lu tion  vo lum e 
w as a p p ro x im a te ly  2 m l. an d  then  e x t r a  n i t r i c  a c id  ad ded  a s  n eed ed , 
fo llow ed by hea ting  to d ig e s t  c o m p le te ly  the p r o te in .  The s a m p le s  
w e re  c a r e fu l ly  n e u t r a l iz e d  w ith  12 N so d iu m  h y d ro x id e ,  f i l t e r e d  and  
d ilu ted  to 10 m l. C o p p e r  w as  co m p u te d  a s  p e r c e n t  in  d ry  m a t t e r  
■which w as d e te rm in e d  g r a v im e t r i c a l ly  a f t e r  h e a t in g  fo r  12 h o u rs  a t  
95°C .
The c o lo r im e t r ic  m e th o d  of W est and  C o m p e re  (65) w as u se d  
to d e te rm in e  c o p p e r  in  the d ig e s te d  s a m p le .  D ith io -o x a m id e  w as  the
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c o lo r  r e a g e n t  an d  i n t e r f e r e n c e s  w e re  r e m o v e d  w ith  tn a lo n ic  a c id .  G um  
a r a b ic  w as  u s e d  a s  a  s ta b i l i z in g  a g e n t .
R e a g e n t s :
A . D i th io -o x a m id e  -  d i s s o lv e  1 g. d i th io -o x a m id e  in  
100 m l .  95% e th y l  a lc o h o l  w i th  h e a t .
B . M a lo n ic  A c id  C o n d i t io n e r  -  d i s s o lv e  100 g. m a lo n ic  
a c id  in  250 m l ,  d i s t i l l e d  w a t e r ,  th e n  add  14. 0 g. 
s o d iu m  h y d ro x id e  an d  d i lu te  to  500 m l .
C . G u m  A r a b ic  -  A 1. 0% a q u e o u s  s o lu t io n  of gum  
a r a b i c  w a s  p r e p a r e d  d a i ly .
T o  10 m l .  of d ig e s te d  s a m p le  0 .4  m l.  m a lo n ic  a c id ,  1 .0  m l .  
gu m  a r a b i c  a n d  1. 0 m l .  d i th io -o x a m id e  w e r e  a d d e d  an d  th o ro u g h ly  
m ix ed .  A f te r  15 m in u te s  the  s a m p le s  w e r e  c e n t r i fu g e d  to r e m o v e  
tu r b id i ty  a n d  a b s o r b a n c e s  d e t e r m in e d  in  a  B e c k m a n  DU s p e c t r o ­
p h o to m e te r  a t  620 m[I u s in g  a  b la n k  c a r r i e d  th ro u g h  the  d ig e s t io n  
p r o c e s s  a lo n g  w ith  the s a m p le .  The q u a n t i ty  of c o p p e r  w a s  th en  e s ­
t i m a t e d  f r o m  a  s t a n d a r d  c u r v e  o b ta in e d  u n d e r  c o n d i t io n s  s i m i l a r  to  
th o se  u s e d  to  d e t e r m in e  a b s o r b a n c e s  of s a m p l e s .
C H A P T E R  IV
E X P E R IM E N T A L  AND DISCUSSION O F  R E S U L T S
The d e m o n s t r a t i o n  th a t  b la c k  sp o t  in  s h r i m p  i s  c a u s e d  by- 
e n z y m e  c a t a l y s i s  r e q u i r e s  th e  id e n t i f ic a t io n  an d  c h a r a c t e r i z a t i o n  
of the e n z y m e  s y s t e m  an d  a  f u n d a m e n ta l  p r o p e r t y  of e n z y m e  s y s t e m s  
i s  th a t  t h e i r  r e a c t io n  r a t e s  d e p e n d  on the p h y s ic a l  an d  c h e m ic a l  
c h a r a c t e r i s t i c s  of the  e n v i r o n m e n t .  T h e r e f o r e ,  c e r t a i n  p h y s ic a l  
an d  c h e m ic a l  p r o p e r t i e s  of s h r i m p  t i s s u e  c a t e c h o la s e *  w e re  s tu d ie d .  
T h e s e  w e r e :  the r o le  of c o p p e r  in  p h e n o la s e  a c t iv i ty ,  in h ib i t io n  of 
the e n z y m e ,  e f f e c ts  of h e a t  a n d  o th e r  s t a b i l i ty  f a c t o r s  on the  a c t iv i ty  
of the  e n z y m e ,  i t s  e n e r g y  of a c t iv a t io n  an d  M ic h a e l is  c o n s ta n ts .  T he 
e n e r g y  of a c t iv a t io n  a n d  M ic h a e l i s  c o n s ta n t  fo r  d o p a  o x id a se  a c t i v i ­
t i e s  of c e r t a i n  s h r i m p  e n z y m e  p r e p a r a t i o n s  w e r e  a l s o  s tu d ie d .
A n o th e r  f a c t o r  w h ic h  s e r v e s  to  id e n t i fy  c e r t a i n  e n z y m e  s y s ­
t e m s  i s  s u b s t r a t e  s p e c i f i c i ty .  The c a ta ly t i c  e f f e c ts  of d i f f e r e n t  
s h r i m p  t i s s u e  p r e p a r a t i o n s  on the  m o n o -  a n d  d ih y d r ic  p h e n o ls
* P y r o c a t e c h o l  (catfechol) w as  u s e d  a s  s u b s t r a t e  d u r in g  m o s t  
of th e se  s tu d ie s  s in c e  p r e v io u s  w o r k e r s  have  u s e d  th is  s u b s ta n c e  
w h en  s tu d y in g  p h e n o la s e  a c t i v i t i e s  q u a n t i ta t iv e ly ,  an d  c e r t a i n  p r o p ­
e r t i e s  of c a t e c h o l a s e s  a r e  know n.
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u s u a l ly  a s s o c i a t e d  w ith  p h e n o la s e  a c t iv i ty  w e r e  d e t e r m in e d .  N a tu r a l  
s u b s t r a t e s  in  s h r im p  w e r e  a l s o  s tu d ie d  in  a n  a t t e m p t  to  c l a r i f y  the 
n a t u r e  of r e a c t i o n s  le a d in g  to  b la c k  sp o t  f o r m a t io n .
T he a n a to m ic a l  d i s t r i b u t io n  of s h r i m p  p h e n o la s e  w as  s tu d ie d  
to  lo c a l iz e  the  m o s t  h ig h ly  a c t iv e  t i s s u e s  w h ic h  c o u ld  be  u s e d  in  p u r i ­
f ic a t io n  of e n z y m e s  c a u s in g  m e la n o s i s .
A .  R o le  of C o p p e r  in  S h r im p  C a te c h o la s e  A c t iv i ty
A l l  e n z y m e s  th u s  f a r  id e n t i f ie d  a s  p h e n o la s e s  by v a r io u s  i n ­
v e s t i g a t o r s  r e q u i r e d  c o p p e r  f o r  t h e i r  a c t i v i t i e s .  T h is  c o f a c to r  i s  
s p e c i f ic  (31) a n d  a c t iv i ty  i s  l o s t  w hen  c o p p e r  i s  r e p l a c e d  b y  o th e r  
m e t a l  i o n s .
By a n  e x p e r i m e n t  s i m i l a r  to th o se  of K ubow itz  (31), i t  w as  
found  th a t  the  r e m o v a l  of c o p p e r  b ro u g h t  a b o u t  a  d e c r e a s e  in  c a t e ­
c h o la s e  a c t iv i ty  of s h r i m p  p r o t e in  and  th a t  a d d i t io n  o f  c o p p e r  r e a c t i ­
v a te d  the  e n z y m e .  A n  e n z y m e  s a m p le  f r o m  P .  s e t i f e r u s  p r e s s  ju ic e  
(A p p en d ix  V) w a s  d ia ly z e d  f o r  24  h o u r s  a g a i n s t  c o p p e r - f r e e  w a te r  a n d  
a  s m a l l  p o r t io n  w as  f r o z e n .  T h e  r e m a i n d e r  of the s o lu t io n  w as  d i ­
a l y z e d  a g a in s t  0. 1 M s o d iu m  c y a n id e  fo l lo w e d  by  24 d i a l y s i s  a g a i n s t  
c o p p e r - f r e e  w a t e r .  T h e  d ia ly z a te  w as  d iv id e d  in to  t h r e e  e q u a l  p o r ­
t io n s  an d  f r o z e n  fo r  s e v e r a l  d a y s .  A ll fo u r  s a m p le s  w e r e  th en  th aw ed  
a n d  to  one of the  c y a n id e  t r e a t e d  s a m p le s  0 . 5  m l .  of c o p p e r  su lfa te  
co n ta in in g  250 j u .g .C u ^  w a s  a d d e d ;  0 .5  m l .  of s o lu t io n  c o n ta in in g  10 
jUig.Cu x w as  a d d e d  to  a  s e c o n d  p o r t io n  of c y a n id e  t r e a t e d  s a m p le ,  a n d  
0 .5  m l .  of c o p p e r - f r e e  w a te r  a d d e d  to the t h i r d  p o r t io n .
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C a te c h o la s e  a c t iv i ty  w a s  then  d e t e r m in e d  m a n o m e t r i c a l l y  a t  
pH  6. 8 an d  2 5 °C . in  the  p r e s e n c e  of 2 X 10 M p y r o c a te c h o l  a s  ou t­
l in e d  in  C h a p te r  III. T h e  q u a n t i ty  of oxygen  a b s o r b e d  b y  e a c h  s a m p le  
w as  a s  fo llo w s ;
n o n - t r e a t e d  5 . 2  fxl. 02 / m in .
CN" t r e a t e d  + 250 g. c o p p e r  3 . 7  yil.  0 2 /m in .
CN ' t r e a t e d  + 10 g. c o p p e r  3 . 2  fil .  0 2 /m in ,
C ^ ” t r e a t e d  + w a te r  0 . 9  f il .  02 /m in .
R e m o v a l  of c o p p e r  by  d ia ly z i s  a g a i n s t  c y a n id e  and w a t e r  r e ­
s u l te d  in  a p p r o x im a te ly  85% l o s s  in  a c t iv i ty  of c a te c h o la s e ,  b u t  the 
a d d i t io n  of c o p p e r  s t im u la te d  a c t i v i t y  to a b o u t  60% of the  o r ig in a l  
a c t iv i ty .  E x c e s s  c o p p e r  a t  th is  p H  did n o t  g r e a t l y  a f f e c t  a c t iv i ty .
T h e s e  r e s u l t s  d e m o n s t r a t e  the n e c e s s i t y  of c o p p e r  in  
s h r i m p  c a t e c h o la s e  a c t iv i t y  an d  t h i s  i s  f u r t h e r  s u b s ta n t ia te d  in  the  
fo llow ing  s e c t io n  w h ic h  r e p o r t s  r e s u l t s  of c a t e c h o la s e  in h ib i t io n  by  
v a r io u s  s u b s ta n c e s  in c lu d in g  c o p p e r - s e q u e s t e r i n g  a g e n t s .
B . In h ib i t io n  of S h r im p  C a te c h o la s e  and D o p a  O x idase
R e d u c in g  a g e n ts  a r e  the m o s t  p r a c t i c a l  i n h ib i to r s  of m e la n in  
f o rm a t io n  in  s h r i m p  (66 & 67), a n d  so d iu m  b is u l f i t e  i s  p r e s e n t l y  b e in g  
u s e d  c o m m e r c i a l l y  to r e t a r d  b la c k  sp o t  f o rm a t io n ,  b u t  i t  i s  d i f f ic u l t  
to  show  th is  in h ib i t io n  q u a n t i t a t iv e ly .  S o d iu m  b isu l f i te  a n d  o th e r  r e ­
d u c in g  a g e n ts  i n t e r f e r e  w ith  the in d o p h e n o l  m e th o d  f o r  d e te r m in in g  
c a te c h o la s e  a c t i v i t y  and  the  e f fe c t  of m o s t  r e d u c in g  a g e n ts  c a n n o t  be
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m e a s u r e d  m a n o m e t r i c a l l y  s in ce  th e y  e i t h e r  evo lve  g a s e s  o r a b s o r b  
oxygen in  the p r e s e n c e  of s h r im p  e x t r a c t s  a n d  a r e  o x id ized .  H ow ­
e v e r ,  i t  w as  show n by  u s in g  the c o l o r i m e t r i c  m e th o d  d e s c r i b e d  in  
C h a p te r  III th a t  0. 01 M a s c o r b i c  a c id  in h ib i te d  dopa o x id ase  a c t iv i ty  
in  P .  a z t e c u s  p r e s s  ju ic e  (A p p en d ix  V) a l m o s t  c o m p le te ly  (95%). T h is  
e n z y m e  a c t iv i ty  w a s  a l s o  in h ib i te d  86% in  th e  p r e s e n c e  of 0. 005 M 
s o d iu m  b is u l f i t e .  T he in h ib i t io n  of c a t e c h o la s e  a c t iv i ty  ( in d o p h en o l 
m e th o d ,  C h a p te r  III) of th i s  ju ic e  b y  o th e r  ty p e s  of c h e m ic a l s  w a s  
s tu d ie d  q u a n t i t a t iv e ly  on P .  a z te c u s  h e a d  p r e s s  ju ic e  (A ppend ix  V) 
a n d  the r e s u l t s  g iv e n  in  T a b le  II.
S u b s ta n c e s  t h a t  b in d  c o p p e r  w e re  e f fe c t iv e  in h ib i to r s  of 
c a t e c h o la s e  a c t iv i ty  a n d  th is  is  f u r t h e r  e v id e n c e  fo r  the  n e c e s s i t y  
of c o p p e r  in  c a t e c h o la s e  a c t iv i ty .  The in h ib i t io n  of en d o g en o u s  
o x id a t io n  b y  th e s e  s u b s ta n c e s  in d ic a te s ,  th a t  a t  l e a s t  p a r t  of the  e n ­
d o g en o u s  o x id a tio n  i s  c a u s e d  by the  c a ta ly t ic  o x id a tio n  of n a t u r a l  
s u b s t r a t e s  by c o p p e r - c o n ta in in g  o r  c o p p e r - r e q u i r in g  e n z y m e s .
C a rb o x y  a c id s  w e r e  show n b y  K r u e g e r  (68) tp  in h ib i t  p h e n o ­
l a s e  a c t iv i ty  a t  low pH  v a lu e s  and th is  w as a t t r i b u t e d  to  c o m p le x a -  
t io n  of s o m e  a c t iv e  c e n t e r  of the e n z y m e  by  th e  c a rb o x y l ic  a c id  
a n io n .  T r i e  th an  o la m in e  t i t a n a te  c o m p le x e s  d ih y d r ic  p h e n o ls  an d  
th u s  p r e v e n t s  t h e i r  o x id a t io n  by the  e n z y m e .
C y s te in e  (0 . 01 M) c o m p le te ly  in h ib i te d  dopa o x id ase  a c t iv i ty  
of P .  a z t e c u s  h e a d  p r e s s  ju ic e  and th i s  c a n  p o s s ib ly  be e x p la in e d
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T A B L E  II
C H E M IC A L  IN H IB ITIO N  O F  C A T E C H O L A S E  A C T IV IT Y  AND 
EN DOGENO US OXIDATION O F SH R IM P HEAD P R E S S  JU IC E
C o m p o u n d  pH M eth o d P e r c e n t In h ib i t io n
( T o ta l ) e (E ndogenous)*
S u b s ta n c e s  w h ic h  c o m ­
bine  w ith  c o p p e r
D ie th y ld i th io  - 
c a r b a m a t e  ( 0 .0 1 7  M) 6 .0  
T h io u r e a  (0. 02 M) 5. 9
C y s te in e  ( 0 .0 1 2  M) 6 .0
C a rb o x y  a c id s  o r 
t h e i r  s a l t s






S o d iu m  E D T A d 
(0. 0002 M) 
S od ium  b e n z o a te  
(0. 0002 M) 
C a lc iu m  a c e ta t e  
(0. 012 M)
O xalic  a c id  
(0. 002M)
S u b s ta n c e  th a t
c o m p le x e s  p h e n o ls
6. 5 
6 . 6 
6 . 0 
5 .6
In d o p h e n o l








T A T -2 1  (0. 002M) 6 . 0 M a n o m e tr ic 46
a  -  pH  a f t e r  r e a c t i o n
b -  (E th y le n e d in i t r i lo )  t e t r a  a c e t i c  a c id  - ( s o d iu m  sa l t )  
c -  T r i e th a n o la m in e  t i t a n a te
d - M a n o m e tr ic  d e t e r m in a t io n s  w e r e  ma.de a s  o u t l in e d  in  C h a p te r  III 
in  the  p r e s e n c e  of 4 X 1 0 "^ M p y r o c a te c h o l .  
e -  In h ib i t io n  of t o t a l  o x id a t io n  in  p r e s e n c e  of a d d e d  p y r o c a t e c h o l .  
f  -  In h ib i t io n  of en d o g e n o u s  o x id a t io n  (no p y r o c a t e c h o l  ad d ed ) .
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on the b a s is  of i t s  a b i l i ty  to s e q u e s te r  c o p p e r .  C u p ric  ions r e a c t  w ith  
c y s te in e  and  o th e r  su lfh y d ry l  g roup  con ta in ing  com pounds  both  in  a c id  
and  a lk a l in e  so lu t io n s  to f o rm  yellow  or y e l lo w -b ro w n  in so lu b le  c o p p e r  
sulfide s( 69).
C u++ + 2 R -S ” — Cu (RS)2
C y s te in e  f o rm s  a  b r o w n is h -b la c k  p r e c ip i ta te  w ith  c u p r ic  ions  
a t  pH 6. 0 and  undoubted ly  a c ts  p r i m a r i l y  a s  a  c o p p e r  s e q u e s te r in g  
a g e n t  in  the in h ib it io n  s tu d ie s  m en tio n ed  above . N e v e r th e le s s ,  the 
p o s s ib le  r o le  of c y s te in e  a s  a  re d u c in g  a g e n t  shou ld  not be o v e r ­
looked in  in h ib i t io n  of p h e n o la se  a c t iv i ty .
R educ ing  s u b s ta n c e s  su ch  as  the su lf i te s ,  a s t o r b i c  a c id  and  
c y s te in e  a r e  u se fu l  in  the c o n t ro l  of b la c k  spo ts  in  s h r im p  b e c a u se  
they  im m e d ia te ly  re d u c e  o -q u in o n es  and r e t a r d  m e la n in  fo rm a t io n .
A s  long a s  a d eq u a te  re d u c in g  g ro u p s  a r e  a v a i la b le  in  s h r im p ,  q u i-  
n o n es  a r e  no t f o rm e d  and  m e la n o s is  is  p re v e n te d .
S u lfhydry l and o th e r  re d u c in g  g ro u p s  an d  red u c in g  e n z y m e s  
p r e s e n t  in  s h r im p  m ay  s e r v e  to m a in ta in  the  r e d o x  p o te n t ia l  su ff i­
c ie n t ly  low in  live s h r im p  to p r e v e n t  m e la n o s is .  T h is  p o s s ib ly  e x ­
p la in s  why s h r im p  s h e l ls  do not b la c k e n  in  live s h r im p  a lthough  bo th  
s u b s t r a te  and  p h e n o la se  a r e  a p p a re n t ly  p r e s e n t .
C. S tab il i ty  and  In a c t iv a t io n  of S h r im p  C a te c h o la se
A n o th e r  type of s tudy  w h ich  is  of c o n s id e ra b le  im p o r ta n c e  
in  the c h a r a c t e r i z a t i o n  of e n z y m e s  i s  the r a te  of t h e r m a l  in a c t iv a t io n .
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The v e lo c i ty  c o n s ta n ts  an d  h a lf - l iv e s  a t  v a r io u s  t e m p e r a t u r e s  a r e  
m e a s u r e s  of the  d e g re e  of t h e r m a l  s ta b i l i ty  of an  e n z y m e .
The t h e r m a l  s ta b i l i ty  of s h r im p  c a te c h o la s e  w as d e te r m in e d  
a t  35°C . fo r  p e r io d s  of t im e  f ro m  30 m in u te s  to 7 h o u r s .  T h r e e  g r a m s  
of ly o p h i l iz e d  p o w d er  f r o m  P .  s e t i f e r u s  h e a d s  d e s c r i b e d  in  A p p en d ix  
1 ( s a m p le  B^) w e r e  g ro u n d  to  a  p a s te  w ith  5 m l. d i s t i l l e d  w a te r  and 
d i s p e r s e d  in 25 m l.  of d i s t i l l e d  w a te r .  T h is  w as  c e n t r i fu g e d  
(2, 600 X g . ,  10 m i n . ) an d  a  p o r t io n  of the s u p e rn a ta n t  in c u b a te d  w ith  
0. 2 M p o d iu m  p h o sp h a te  b u f fe r  (pH 6. 0) in  the p r o p o r t io n  of 1 p a r t  
e n z y m e  to 5 p a r t s  b u f fe r  (m a in ta in e d  a t  35°C . p r i o r  to m ix ing). Two 
6 m l.  a l iq u o ts  w e re  r e m o v e d  a f t e r  30 m in u te s  and a f t e r  1 h o u r  and  
th e n  h o u r ly  fo r  7 h o u r s .  The s a m p le s  w e re  im m ed ia tie ly  c o o le d  in  
ice  w a te r  and  k e p t  c o o l  u n t i l  a n a ly z e d  fo r  c a te c h o la s e  a c t iv i ty  by  the 
in d o p h en o l m e th o d . T h is  w as  done by  w a rm in g  the s a m p le s  in d iv id u ­
a l ly  fo r  45 s e c o n d s  a t  35°C . , add ing  5 m l.  a l iq u o ts  of leuco  in d o ­
pheno l dye (p re v io u s ly  w a r m e d  to 3 5 ° C .) ,  a n d  f in a lly  adding  1 m l .  of 
0. 1 M p y ro c a te c h o l .  T he  u s u a l  p r o c e d u r e  fo r  d e te rm in in g  c a te c h o l ­
a s e  (C h a p te r  III) w as  th e n  fo llow ed , and  endogenous  ox ida tion  s u b ­
t r a c t e d  f ro m  to ta l  ox ida tion  to ob ta in  r e l a t iv e  c a te c h o la s e  a c t iv i ty .
The s t r a i g h t  l in e  o b ta in ed  by p lo t t in g  the lo g a r i th m  of r e l ­
a t iv e  c a te c h o la s e  a c t iv i ty  a g a in s t  h ea t in g  t im e  a t  35°C . is  show in  in  
F ig u re  5. The in a c t iv a t io n  of c a te c h o la s e  a c t iv i ty  b e tw e e n  30 m in u te s  
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t im e  v s .  a c t iv i ty  d e c r e a s e d  l in e a r ly  d u r in g  th is  p e r io d .  The enzym e 
w as  in a c t iv a te d  a lm o s t  c o m p le te ly  a f te r  s e v e n  h o u rs  u n d e r  th e s e  co n ­
d i t io n s  an d  i t s  h a lf - l i fe  w a s  a p p ro x im a te ly  1 hour.
A f u r th e r  e x p e r im e n t  w as  c o n d u c te d  on c r u d e  p r e s s  ju ice  
f r o m  P .  a z te c u s  h ead s  to  d e te rm in e  the e f fe c ts  of hea tin g  a t  v a r io u s  
t e m p e r a t u r e s  on c a te c h o la s e  a c t iv i ty .  A c ru d e  e n z y m e  so lu t io n  was 
p r e p a r e d  by p r e s s in g  the  ju ic e  f r o m  the h e a r t  and s to m a c h  a r e a s  of 
s h r im p  h e a d s .  The ju ic e  w as  f ro z e n ,  thaw ed , and c e n tr i fu g e d  (2, 600 
X g . , 20 m i n . ) an d  the s u p e rn a ta n t  d e c a n te d .  The top  la y e r  of the 
in so lu b le  m a t e r i a l  c o n ta in e d  n u m e ro u s  le u c o c y te s  an d  th is  w as  s u s ­
p en d ed  in  the s u p e rn a ta n t .  The r e la t iv e  c a te c h o la s e  a c t iv i ty  of th is  
s a m p le  w as 211. T h ree  m l ,  a l iq u o ts  w e re  added  to  E v e ly n  tubep 
co n ta in in g  15 m l.  of 0. 2 M so d iu m  p h o sp h a te  buffer  (pH 6 .0 ) .  S am ples  
w e re  h e a te d  to 40, 50, 60, 70, 75 and 80° C . a s  fo llow s: the tubes  
w e re  i m m e r s e d  in d iv id u a lly  in  a  w a te r  b a th  and the so lu tion  gen tly  
s t i r r e d  w ith  a  t h e r m o m e t e r .  A f te r  the a p p r o p r ia te  t e m p e r a tu r e  was 
r e a c h e d  the tu b es  w e re  m a in ta in e d  a t  the t e m p e r a t u r e  fo r  one m inute . 
T hey  w e re  th en  i m m e r s e d  in  an  ic e  b a th  a n d  s t i r r e d  to  h a s te n  te m p ­
e r a t u r e  lo w e r in g .  S a m p le s  w ere  then  e x a m in e d  in d iv id u a lly  a t  35°C. 
fo r  c a te c h o la s e  a c t iv i ty  by  the indophenol m e th o d .
A n o th e r  s im i l a r  e x p e r im e n t  was co n d u c ted  to  d e te r m in e  the 
d e g re e  of t h e r m a l  in a c t iv a t io n  of a  r e l a t iv e ly  p u re  s a m p le  of p h en o la se  
ta k e n  f ro m  P .  s e t i f e r u s  h e a r t s .  T h is  s a m p le  w as p r e p a r e d  by
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g r in d in g  s h r im p  h e a r t s  w i th  san d  in  0 .1  M p h o sp h a te  b u f fe r  a t  pH  
6. 0, f r e e z in g  and  thaw ing , c e n t r i fu g in g  a n d  d ia ly z in g ,  The s a m p le  
w as th e n  d i lu te d  1 to  5 w i th  c o ld  c o p p e r - f r e e  w a te r ,  f i l t e r e d  th ro u g h  
a  0. 5 c m .  th ick  pad  of c e l i t e  (L -6 6 5  f i l t e r  a id) an d  f in a l ly  c e n t r i fu g e d  
(4, 500 X g. , 10 m in u te s ) .  T h e re  w e r e  no le u c o c y te s  in  the s u p e r ­
n a ta n t  s o lu t io n  a n d  i t s  r e l a t i v e  c a te c h o la s e  a c t iv i ty  w a s  182.
F ig u r e  6 r e p r e s e n t s  the e f fe c t  of h e a t  on the  c a t e c h o la s e  a c ­
t iv i t i e s  of th e s e  two p r e p a r a t i o n s .  L in e s  1 an d  2 a r e  d ra w n  to  i n ­
d ic a te  the  r e l a t iv e  a c t iv i t i e s  of the tw o p r e p a r a t i o n s  p r i o r  to  h e a t in g  
( i . e .  211 an d  182 r e s p e c t iv e ly ) .  C u rv e  C d e p ic t s  the e f fe c t  of h e a t  
on the c r u d e  p r e p a r a t i o n  a n d  c u rv e  P  the e f f e c t  of h e a t  on the p u r i ­
f ie d  p r e p a r a t i o n .  I t  c a n  be n o te d  f r o m  th e s e  c u r v e s  t h a t  h e a t in g  the 
c ru d e  p r e p a r a t i o n  fo r  1 m in u te  b e tw e e n  40 a n d  60 d e g r e p s  c e n t ig r a d e  
r e s u l t e d  in  i n c r e a s e d  c a te c h o la s e  a c t iv i ty .  The m a x im u m  i n c r e a s e  
o v e r  the n o n - h e a te d  s a m p le  w as  12. 3% an d  w as  o b ta in e d  by h e a t in g  
1 m in u te  a t  50°C . H e a tin g  th e  p u r i f i e d  s a m p le  1 m in u te  a t  50°C . 
a l s o  r e s u l t e d  in  i n c r e a s e d  c a t e c h o la s e  a c t iv i ty  (4. 4%). A f u r t h e r  
e x p e r i m e n t  in  w h ic h  the  p u r i f i e d  s a m p le  w a s  h e a te d  2 m in u te s  a t  
50°C . r e s u l t e d  in  a 26% i n c r e a s e  in  c a t e c h o la s e  a c t iv i ty .
T h e s e  f in d in g s  in d ic a te  th a t  the c a te c h o la s e  in  th e s e  p r e ­
p a r a t io n s  w as  h e a t - a c t i v a t e d  a t  c e r t a i n  t e m p e r a t u r e s .  It i s  p o s s ib le  
th a t  so m e  of th is  i n c r e a s e  in  a c t iv i ty  of the c ru d e  s a m p le  w as  
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does n o t  e x p la in  the i n c r e a s e  in  c a te c h o la s e  a c t iv i ty  of the b lood  
s a m p le  w hich  c o n ta in e d  no le u c o c y te s .  In  v iew  of the e x te n s iv e  
in v e s t ig a t io n s  of Bodine and  c o - w o r k e r s  (42-48) i t  is  p o s s ib le  th a t  
p a r t  of the ca te c h o la se  in  the s h r im p  s a m p le s  co u ld  be p r o e n z y -  
m a tic  in  n a tu r e  and  ac tiv e  c e n t e r s  e x p o se d  by  h e a tin g .  R e s u l t s  
f ro m  p r e l i m i n a r y  e x p e r im e n ts  c o n c e rn in g  the  e f fe c ts  of d i f f e r e n t  
in o rg a n ic  s a l t s  on c a te c h o la s e  a c t iv i ty  a l s o  s u p p o r te d  the id e a  of 
the e x is te n c e  of p ro p h e n o la se  in  s h r im p  e x t r a c t s  and  blood.
The s ta b i l i ty  of s h r im p  c a te c h o la s e  w as  c h a r a c t e r i z e d  
f u r t h e r  d u r in g  p u r if ic a t io n  s tu d ie s  of the  e n z y m e .  C a te c h o la s e  
a c t iv i ty  w as  n o t  d im in ish e d  by c o ld  f r a c t io n a t io n  w ith  a m o n iu m  
su lfa te  o r  by e x t r a c t in g  w ith  so d iu m  c h lo r id e ,  so d iu m  p h o sp h a te  
o r  s o d iu m  c a r b o n a te .  C ru d e  p r e s s  ju ic e  c a te c h o la s e  f ro m  s h r im p  
h ead s  (A ppendix  V) w as  s ta b le  to ly o p h i l iz a t io n  an d  in so m e  i n ­
s ta n c e s  i ts  a c t iv i ty  in c r e a s e d  a f t e r  th is  t r e a tm e n t .  C a te c h o la se  
a c t iv i ty  w as  d im in is h e d  when the e n z y m e  w as p r e c ip i ta te d  w ith  co ld  
a c e to n e  or a lc o h o l ,  o r  w ith  a c id  a t  i ts  i s o e l e c t r i c  p o in t  (pH 4. 8).
F r e e z in g  a t  -1 3 °C .  an d  thaw ing d e c r e a s e d  a c t iv i t i e s  of 
s a m p le s  th a t  h a d  b een  p a r t i a l l y  p u r i f i e d  by  a m m o n iu m  su lfa te  f r a c ­
t io n a tio n  and  d ia ly s i s ,  bu t if  c ru d e  e x t r a c t s  o r  p r e s s  ju ic e  f ro m  
h ead s  w e re  s to r e d  a t  f re e z in g  t e m p e r a t u r e s  an d  thaw ed , the a c t iv i ty  
u s u a l ly  in c r e a s e d .  S ub seq u en t f r e e z in g  an d  thaw ing  of su ch  s a m p le s  
often r e s u l t e d  in  f u r th e r  i n c r e a s e d  a c t iv i ty .  The en zy m e  w as qu ite
s ta b le  a t  4°C . i f  i t s  so lu t io n s  w e r e  s a tu r a t e d  w ith  to lu en e  p r io r  to 
s to r a g e ,  b u t  s lo w ly  lo s t  a c t iv i ty  i f  k e p t  a t  r o o m  t e m p e r a t u r e  u n d e r  
th e se  c o n d it io n s .
D. E n e rg y  of A c t iv a t io n
A n o th e r  t h e r m a l  e f fe c t  c o n c e r n e d  w ith  en zy m e a c t iv i t i e s  is  
the  e n e rg y  of a c t iv a t io n  o r  the r a t e  of r e a c t io n  i n c r e a s e  fo r  a  f ixed  
i n c r e a s e  in  t e m p e r a t u r e .  In in o rg a n ic  c a t a ly s i s ,  the e n e r g y  of 
a c t iv a t io n  of the  r e a c t i o n  is  c h a r a c t e r i s t i c  of the c a t a ly s t  and  is  i n ­
d e p e n d e n t  of the s u b s t r a t e s  w hen r e l a t e d  s u b s ta n c e s  a r e  u s e d  (70). 
The a c t iv a t io n  e n e r g y  of en zy m e  s y s t e m s  th en  sho u ld  be in d e p e n d e n t  
of d i f f e r e n t  e n v i r o n m e n ta l  ch an g e s  u n le s s  th e s e  f a c to r s  a l t e r  the 
c a ta ly t ic  s u r f a c e  of the enzym e in  so m e  m a n n e r .
F o r  y e a s t  in v e r ta s e ,  the a c t iv a t io n  e n e rg y  w as  found (71) 
to  be  e s s e n t i a l l y  u n a f fe c te d  by  (a) c h a n g e s  in  pH f ro m  3. 2 to 7 .9 ,
(b) c h a n g e s  in  e l e c t r o ly te  c o n c e n t r a t io n ,  an d  (c) ch an g es  in  the c o n ­
c e n t r a t io n  of e n z y m e  o r s u b s t r a te .  A ls o ,  v a lu e s  fo r  E a r e  qu ite  
c o n s ta n t  o v er  a w ide  ra n g e  of t e m p e r a t u r e s  u n t i l  in a c t iv a t io n  is  
a p p a r e n t  (72). The p u r i ty  of the e n z y m e  p la y s  no ro le  in  d e t e r m i n ­
ing the a c t iv ia t io n  e n e rg y ,  s in ce  id e n t i c a l  E  v a lu e s  w e re  ob ta ined  
fo r  c ru d e  and  p a r t i a l l y  p u r if ie d  a ld e h y d e - p u r in e  d e h y d ro g e n a se  of 
m ilk  (73) and  fo r  so y b e a n  u r e a s e  in  d i f f e r e n t  s ta g e s  of p u r i f i c a t io n
41
Since a c t iv a t io n  e n e rg y  of e n z y m e s  is  c o n s id e r e d  a  c o n s ta n t  
w hich  is  in d e p e n d e n t  of en zy m e  p u r i ty ,  i t  should  be r e l a t iv e ly  c o n s ta n t  
f o r  e n z y m e s  tha t  c a ta ly z e  the s a m e  r e a c t io n  even  though  th e i r  s o u rc e s  
m a y  d i f f e r .  G ould (75) s u b s ta n t ia te d  th is  b e l ie f  w h en  he r e p o r t e d  a 
v a lu e  of 2, 700 c a lo r i e  s /m o le  a s  e n e rg y  of a c t iv a t io n  fo r  p h e n o la se  
p r e p a r a t i o n s  f ro m  I r i s h  po ta to ,  m u s h r o o m  (P . c a m p e s t r i s ) ,  an d
m e a l  w o rm  (T e n e b r io  m o li to r )  ac t in g  e i t h e r  on c a te c h o l  or on p -
c r e s o l .  T h is  s u g g e s ts  a  c lo s e  s i m i l a r i t y  of p h e n o la s e s  f ro m  v a r ­
io u s  s o u r c e s  and th a t  a  s in g le  e n z y m e  is  invo lved  in  b o th  the m o n o -  
an d  o -d ih y d r ic  p h e n o la se  a c t iv i ty  of th e s e  e n z y m e s .
The a c t iv a t io n  e n e rg y  w as d e t e r m in e d  fo r  a  c ru d e  e x t r a c t  of 
s h r im p  p h e n o la se  b y  m e a s u r in g  the c a te c h o la s e  a c t iv i t y  both  m a n o -  
m e t r i c a l l y  and  c o l o r im e t r i c a l l y  ( indopheno l m ethod).
P r e s s  ju ic e  f r o m  the  g i l l  a r e a  of s h r im p  h e a d s  was 
f r o z e n  and  thaw ed  s e v e r a l  t im e s  an d  then  c e n t r i fu g e d  
(27, 000 X g. , 10 m in . ) to r e m o v e  lip id , p ig m e n ts  
an d  in so lu b le  p r o te in .  F ive  20 m l .  p o r t io n s  w e re  
f r o z e n  and th aw ed  a s  n e e d e d  to d e te rm in e  the  a c t iv i ­
t i e s  a t  v a r io u s  t e m p e r a t u r e s .
The m a n o m e t r ic  p ro c e d u re  fo r  d e te rm in in g  c a te c h o la se  
a c t iv i ty  w as s im i l a r  to  th a t  of G ou ld  (75) e x c e p t  th a t  the  
s o d iu m  p h o sp h a te  b u f fe r  c o n c e n t r a t io n  w as  0. 4 M. T he 
f in a l  s u b s t r a te  c o n c e n t r a t io n  w as  2 X lO -^M  an d  p o t a s ­
s iu m  h y d ro x id e  fittas u s e d  in  the c e n t e r  w e ll  to  re m o v e  
c a r b o n  d io x id e .  The pH w as  6. 0 a n d  the t o t a l  vo lum e
4. 0 m l. S ince  s ta n d a rd  W a rb u rg  m a n o m e te r s  w ere  u s e d  
to  m e a s u r e  oxygen u p take , the endogenous  o x ida tion  an d  
a u to x id a t io n  of s u b s t r a te  w e re  s u b t r a c te d  f r o m  to ta l  o x i ­
d a t io n  to o b ta in  exogenous  s u b s t r a t e  ox ida tion .
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F ig u re  7 i l l u s t r a t e s  p lo ts  of oxygen up take  o b ta in ed  fo r  
c a te c h o la s e  a c t iv i ty  a t  v a r io u s  t e m p e r a t u r e s .  The r a t e  of oxygen 
co n su m p tio n  w as  co m p u te d  f ro m  th e  s lope  of the s t r a i g h t  line p o r ­
t ions  of th ese  c u r v e s .  T he d a ta  b e tw e e n  10 and  30°C . a r e  u se d  in  
the  f o r m  of an  A r r h e n iu s  p lo t  (log. of a c t iv i ty  r a te  p lo t te d  a g a in s t  
r e c i p r o c a l  of a b so lu te  t e m p e r a tu r e )  (F ig u re  8). The e n e rg y  of 
a c t iv a t io n  c a lc u la te d  f r o m  the s lope  of the s t r a i g h t  l in e  of th is  p lo t  
w as  3, 000 c a l o r i e s / m o l e .
An A r r h e n iu s  p lo t  of d a ta  o b ta ined  fo r  c a te c h o la s e  a c t iv i ty  
by the  in dopheno l m e th o d  i s  a l s o  show n in  F ig u r e  8. T he e n e rg y  of 
a c t iv a t io n  c o m p u te d  f r o m  the s lope of th is  c u r v e  w as 5, 200 c a l o r i e s /  
m o le .  No e x a c t  a g r e e m e n t  w as e x p e c te d  b e tw e e n  th is  va lue  and th a t  
d e te r m in e d  by  the m e a s u r e m e n t  of oxygen u p ta k e .  The m a n o m e t r i -  
c a l ly  d e te r m in e d  e n e rg y  of a c t iv a t io n  c lo s e ly  a g r e e s  w ith  v a lu es  
o b ta in ed  by G ould  (75) fo r  e n e r g ie s  of a c t iv a t io n  of p h e n o la s e s  f ro m  
a  v a r i e t y  of s o u r c e s  and  f a l l s  in  a  v e r y  low ra n g e  as  f a r  a s  a c t i v a ­
t io n  e n e r g ie s  a r e  c o n c e rn e d .
T hese  v a lu e s  in  g e n e r a l  s u g g e s t  a  h ig h  a c t iv i ty  fo r  th e se  
e h z y m e s  and  a l s o  s u p p o r t  the b e l ie f  (12) th a t  p h e n o la s e s  a r e  oxygen
* T o ta l  oxygen u p tak e  m in u s  sum  of a u to x id a t io n  an d  en d o ­
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ARRHENIUS PLOTS OF CATECHOLASE ACTIVITIES MEASURED 
BY COLORIMETRIC AND MANOMETRIC METHODS
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t r a n s f e r a s e s  ( a e r o b i c  d e h y d r o g e n a s e s )  r a t h e r  than  a n a e r o b i c  d e h y r o -  
g e n a s e s .  T h i s  i s  e v id e n c e d  by the f a c t  t h a t  m o s t  a n a e r o b i c  d e h y d r o ­
g e n a s e s  hav e  a c t i v a t i o n  e n e r g i e s  r a n g in g  f r o m  15, 000 to 25, 000 
c a l o r i e s / m o l e  (72).
E .  M ic h a e l i s  C o n s t a n t s
The a c t i v i t y  of e n z y m e s  in  c o n v e r t i n g  s u b s t r a t e  to p r o d u c t s  
d e p e n d s  on the a v a i l a b i l i t y  of s u b s t r a t e  a s  w e l l  a s  the t i m e  r e q u i r e d  
f o r  the  e n z y m e  to r e a c t  w i t h  s u b s t r a t e  a n d  r e l e a s e  p r o d u c t s .  The  
m o r e  a b u n d a n t  the s u b s t r a t e  m o l e c u l e s  s u r r o u n d i n g  the  e n z y m e ,  the 
s h o r t e r  the t im e  d u r in g  w h ic h  the  e n z y m e  o r  p a r t  of the  e n z y m e  is  
l e f t  u n c o m b i n e d  an d  t h e r e f o r e  n o t  a c t i v e .  A t  s o m e  d e f in i t e  s u b s t r a t e  
c o n c e n t r a t i o n  the e n z y m e  i s  s a id  to be s a t u r a t e d  and  a c t iv i t y  p r o ­
c e e d s  a t  a  m a x i m u m  u n d e r  co n d i t io n s  of the a c t i v i t y  m e a s u r e m e n t .  
The  M i c h a e l i s  c o n s t a n t  i s  a  m e a s u r e  of the s u b s t r a t e  c o n ­
c e n t r a t i o n  r e q u i r e d  to give h a l f  the m a x i m u m  v e lo c i ty  of a n  e n z y m e  
u n d e r  d e f in i te  c o n d i t io n s  a n d  is  c o n s i d e r e d  b y  m a n y  i n v e s t i g a t o r s  
a s  a  c o n s t a n t  fo r  e n z y m e s  f r o m  d i f f e r e n t  s o u r c e s  t h a t  c a t a l y z e  the 
s a m e  r e a c t i o n .  A n y  f a c t o r  t h a t  v a r i e s  the v e l o c i t y  c o n s t a n t  fo r  
c o m b in a t io n  of e n z y m e  an d  s u b s t r a t e  s u c h  a s  pH, ion ic  s t r e n g t h ,  
t m e p e r a t u r e ,  e t c .  , w i l l  a l s o  v a r y  the M i c h a e l i s  c o n s t a n t .  Then ,  
s u b s t r a t e  l e v e l  a t  h a l f - m a x i m u m  a c t iv i t y  c a n  b e  u s e d  to c h a r a c t e r ­
i z e  an  e n z y m e  p r o v i d e d  co n d i t io n s  a r e  r i g i d l y  c o n t r o l l e d  a n d  s p e ­
c i f i e d .
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I n s t a n c e s  in  w h ich  M ic h a e l i s  c o n s ta n t s  have  been  r e p o r t e d  
in  the l i t e r a t u r e  f o r  p h e n o la s e  a c t i v i t y  a r e  r a r e ,  b u t  som e  h a v e  been  
given.  H e y m a n  e t  a l .  (76) w o rk in g  w i th  pota to  p h e n o la s e  d e t e r m i n e d  
c o n s ta n t s  f o r  both  c a t e c h o l a s e  and  p - c r e s o l a s e  a c t i v i t i e s  of the e n z y m e .  
U n d er  the co n d i t io n s  of t h e i r  e x p e r i m e n t  us ing  the  c h r o n o m e t r i c  m e t h ­
od of M i l l e r  e t  a l .  (54) they  found the h a l f - m a x i m u m  v e lo c i ty  fo r
-3c a t e c h o l a s e  a t  a  s u b s t r a t e  c o n c e n t r a t i o n  of 4. 4  X 10 m o l e s / l i t e r ,
2
a n d  us ing  a  m a n o m e t r i c  m e th o d  a  c o n s t a n t  of 1. 7 X 10 m o l e s / l i t e r  
( c o m p u te d  f r o m  d a ta  r e p o r t e d  in  t h e i r  p a p e r )  f o r  p - c r e s o l a s e  a c t i ­
v i ty .  The only o th e r  c o n s t a n t s  for  p h e n o la s e s  a v a i l a b le  in  the 
l i t e r a t u r e  a r e  th o se  r e p o r t e d  by  H o r o w i t z  and  F l in g  (77) fo r  o x idase  
a c t i v i t y  pi t h e r m o s t a b l e  and  t h e r m o l a b i l e  L - t y r o s i n a s e  and L - d o p a  
ox idase  f r o m  N e u r o s p o r a .  T h e s e  i n v e s t i g a t o r s  d e t e r m i n e d  a c t i v i ­
t i e s  m a n o m e t r i c a l l y  and  found  the fo l lowing v a lu e s  fo r  K ^ :
T h e r m o s t a b l e  e n z y m e ,  L - t y r o s i n a s e ;  1 .5 2  X 10 m o l e s / l i t e r  
T h e r m o l a b i l e  e n z y m e ,  L - t y r o s i n a s e ;  1 .9 2  X 10” ^ m p l e s / l i t e r
T h e r m o s t a b l e  e n z y m e ,  L - d o p a  ox idase ;  1 .29  X 10 m o l e s / l i t e r  
T h e r m o l a b i l e  e n z y m e ,  L - d o p a  ox idase ;  1 .28  X 10“ ^ m o l e s / l i t e r .
T h r e e  g r a m s  of ly o p h i l i z e d  p o w d e r  f r o m  P .  s e t i f e r u s  s h r i m p
d e s c r i b e d  in  A p p e n d ix  I, s a m p l e  B w e r e  g ro u n d  to a  p a s te  w i th  5 ml.
P
d i s t i l l e d  w a t e r  an d  then  d i s p e r s e d  in  25 m l .  of d i s t i l l e d  w a t e r .  This  
w a s  c e n t r i fu g e d  (2, 600 X g. , 10 m in .  ) a n d  the s u p e r n a t a n t  u s e d  to 
d e t e r m i n e  M ic h a e l i s  c o n s ta n t s  fo r  c a t e c h o l a s e  a n d  D L -d o p a  ox idase  
a c t i v i t i e s .  The c o n s t a n t  f o r  c a t e c h o l a s e  a c t i v i t y  w as  d e t e r m i n e d  by
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two m e th o d s :  the in d o p h en o l  c o l o r i m e t r i c  m e th o d  and  the raano-
m e t r i c  m ethod .  F o r  the l a t t e r  m ethod ,  the pH  was  l o w e r e d  to 6 . 0
so t h a t  co n d i t io n s  of the two m e th o d s  would be m o re  n e a r l y  equal .
D L -d o p a  ox idase  a c t iv i ty  w as  d e t e r m i n e d  a s  d e s c r i b e d  in  C h a p te r  III.
The s u b s t r a t e  c o n c e n t r a t i o n s  w e r e  v a r i e d  a s  shown in  T a b le  III an d
M ic h a e l i s  c o n s ta n t s  d e t e r m i n e d  g r a p h i c a l l y  f r o m  p lo ts  of 1 /v  v e r s u s
1 /  (S) a c c o r d i n g  to the m e th o d  of L i n e w e a v e r  a n d  B u rk  (78).  A v a lu e  
-2of 3. 65 X 10~ m o l e s / l i t e r  was  found by  the indopheno l  m e th o d  fo r
_ ^
c a t e c h o l a s e  a c t i v i t y  and  5. 0 X 10 m o l e s / l i t e r  by the m a n o m e t r i c
-3m ethod .  The c o n s ta n t  f o r  D L -d o p a  ox idase  a c t i v i t y  was  3. 78 X 10 
m o le s  / l i t e r .
No v a l id  c o m p a r i s o n s  c a n  be m ade  b e tw e e n  c o n s t a n t s  r e ­
p o r t e d  h e r e  a n d  those  g iven  in the l i t e r a t u r e  s in ce  the m e th o d s  a n d  
cond i t ions  fo r  m e a s u r i n g  a c t i v i t i e s  w e r e  not  the  s a m e .  T h e  two c o n ­
s ta n t s  fo r  c a t e c h o l a s e  a c t i v i t y  h o w e v e r  a r e  in  good a g r e e m e n t  
c o n s id e r i n g  the d i f f e r e n c e s  in  the two m e th o d s  u s e d  to d e t e r m i n e  
a c t iv i ty .
F .  S u b s t r a t e  s tu d ie s
1. P h e n o l a s e  S p ec i f ic i ty  of V a r io u s  S h r im p  E n z y m e  P r e p a r ­
a t io n s .
E x p e r i m e n t s  w e r e  c a r r i e d  out to d e t e r m i n e  the s u b s t r a t e  
s p e c i f i c i t i e s  of p h e n o l a s e s  in v a r i o u s  s h r i m p  e n z y m e  p r e p a r a t i o n s  
by m e a s u r i n g  oxygen u p tak e  m a n o m e t r i c a l l y  in the p r e s e n c e  of 
s h r i m p  en zy m e  and  v a r i o u s  ph en o ls .
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TA B L E  III
DATA FO R D E TE RM IN IN G  M IC H A ELIS  CONSTANTS FOR 
oi-DIHYDRIC P H E N O L A S E  A C T IV IT IE S  O F  
CRUDE SHRIMP E X T R A C T S .
C a t e c h o la s e  a c t i v i t y  ( Indophenol  m ethod)
(S) M 1 /  (S) V
R e la t iv e  
A c t iv i t y  
X 10 " 3
1 /v
0 . 1 0 0 0 1 0 1. 172 0. 853
0 .0500 2 0 0 . 879 1. 140
0 .0 2 5 0 40 0 . 649 1. 542
0 .0 1 2 5 80 0 . 359 2. 790
0 .0 0 5 0 2 0 0 0 . 218 4. 580
C a t e c h o la s e  a c t i v i t y  (M a n o m e t r i c  m ethod)
(S) M 1 /  (S) V
^1 • 0% /M in .
1 / v
0 . 1 0 0 0 1 0 2 . 0 0 0. 50
0 .0 5 0 0 2 0 1. 47 0 . 6 8
0. 0250 40 1 . 0 0 1 . 0 0
0. 0167 6 0 0. 64 1. 38
0 .0 1 2 5 80 0. 50 2 . 0 0
D L -D o p a  ox idase  a c t i v i t y  ( C o l o r i m e t r i c  method)
(S) M 1 / (S) V
R e la t iv e
A c t i v i t y
1 /v  X
0 . 0 1 0 0 0 1 0 0 561 1. 78
0 .00500 2 0 0 411 2 . 4 4
0 .0 0 2 5 0 400 312 3 .2 2
0 .00125 800 2 0 2 4. 95
The  s o u r c e s  of the e n z y m e  p r e p a r a t i o n s  w e r e  a b d o m e n  s h e l l s  
f r o m  P .  s e t i f e r u s  an d  P .  d u o a r u m ,  the a n t e n n a e  f r o m  P .  a z t e c u s  a n d  
b lood  f r o m  P .  s e t i f e r u s .  T h e  a b d o m e n  s h e l l s  w e r e  r e m o v e d  f r o m  
s e v e r a l  s h r i m p ,  r i n s e d  in  d i s t i l l e d  w a t e r ,  b lo t t e d  on W h a tm a n  no .  1 
f i l t e r  p a p e r  a n d  c u t  in to  s m a l l  p i e c e s .  B o th  s p e c i e s  of s h r i m p  had  
b e e n  r e f r i g e r a t e d  ( ice )  f o r  o v e r  a  w e e k  b e f o r e  a n a l y s i s .  T h e  a n t e n n a e  
u s e d  w e r e  f r o z e n  ( - 5 0 ° C .  ) a n d  g ro u n d  to  a  f ine  p o w d e r  w i th  m o r t a r  
a n d  p e s t l e .  The  p r e s s  ju i c e  w a s  ob ta in ed  by  s e v e r i n g  the g i l l  a r e a  
f r o m  f r e s h l y  caught  P .  a z t e c u s  h e a d s ,  p r e s s i n g  the f lu id s  f r o m  th e m ,  
f r e e z i n g  a n d  thaw ing  s e v e r a l  t i m e s  an d  f in a l l y  r e m o v i n g  i n s o lu b le  
so l id s  by  c e n t r i f u g i n g  ( 2 ,6 0 0  X g. , 10 m i n . ). P .  s e t i f e r u s  b lood  
w a s  o b ta in e d  by  a s p i r a t i n g  f r o m  the  p e r i c a r d i a l  s in u s  a r e a  of l ive 
s h r i m p .  I t  w a s  s t o r e d  a t  - 3 ° C .  u n t i l  u s e d .
T he  m a n o m e t r i c  p r o c e d u r e  u s e d  in  t h e s e  s tu d ie s  w a s  p r i n ­
c i p a l l y  t h a t  o u t l in ed  in  C h a p t e r  III. D u p l i c a te  0 . 2 5  g. s a m p l e s  of 
s h e l l  o r  a n t e n n a e  an d  0. 5 m l .  s a m p l e s  of p r e s s  j u i c e  o r  b lo o d  w e r e  
a d d e d  to W a r b u r g  f l a s k s  a n d  b u f f e r e d  w i th  0. 4 M s o d iu m  p h o s p h a te  
b u f f e r  (pH 6 . 8 ). P o t a s s i u m  h y d r o x id e  w a s  u s e d  to  a b s o r b  c a r b o n  
d io x id e .  T he  s u b s t r a t e s  (in 1 m l .  of c o p p e r - f r e e  w a t e r )  wejfe ad d e d  
f r o m  s id e  a r m s  a f t e r  s h a k in g  in  a n  open s y s t e m  a t  25°  C. f o r  5 
m i n u t e s .  T h e  s y s t e m  w a s  c l o s e d  an d  m a n o m e t r i c  r e a d i n g s  t a k e n  a s  
o u t l ined  p r e v i o u s l y .  A c t i v i t y  w a s  b a s e d  on to t a l  oxygen  u p ta k e  d u r ­
ing a  t h r e e  h o u r  r e a c t i o n  p e r i o d .  The e n d o g e n o u s  o x ida t ion  in
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a b s e n c e  of s u b s t r a t e  was  s u b t r a c t e d  f r o m  the to ta l  ox ida t ion  ( o x id a ­
tion in p r e s e n c e  of added  s u b s t r a t e )  an d  the r e a c t i o n  r a t e  c o m p u te d  
a s  m i c r o l i t e r s  of oxygen t a k e n  up p e r  g r a m  of d r y  w e ig h t  ( d r i e d  
95°  C. j 8  h o u r s )  p e r  h o u r .  D a ta  c o n c e r n in g  subs t ra . te  c o n c e n t r a ­
t io n s ,  qu an t i ty  of e n z y m e ,  s o u r c e  of e n z y m e  and  oxygen up take  fo r  
the e n z y m e  p r e p a r a t i o n s  in the p r e s e n c e  of the v a r i o u s  s u b s t r a t e s  
a r e  p r e s e n t e d  in Tab le  IV.
E n z y m e s  in  a b d o m e n  shell  an d  a d h e r in g  c u t i c l e  c a t a l y z e d  
oxygen up take  a t  a  g r e a t e r  r a t e  in the  p r e s e n c e  of o -d ih y d r ic  p h en o ls  
than  in the p r e s e n c e  of m o n o p h e n o ls .  The p r e s s  ju ice  f r o m  P .  
a z t e c u s  h ead s  e x h ib i te d  u n u s u a l ly  high c r e s o l a s e  ac t iv i ty .  It  a l s o  
c a t a l y z e d  the ox ida t ion  of D L - t y r o s i n e  a t  a g r e a t e r  r a t e  than  i t  d id  
an  e q u a l  m o l a r  quanti ty  of D L -d o p a ,  in d ic a t in g  a, h igh monophenola .se  
a c t iv i ty .  In no o t h e r  i n s t a n c e  w as  su ch  a h igh c r e s o l a s e  a c t i v i t y  e n ­
c o u n t e r e d .  P .  s e t i f e r u s  b lood  and  P .  a z t e c u s  an te n n a e  a l s o  c a t a ­
ly z e d  the ox ida t ion  of both  m o n o -  and  o - d ih y d r i c  p h e n o l s .
The high r a t e  of oxygen up take  of P .  a z t e c u s  p r e s s  ju ic e  and  
P .  d u o a r u m  a b d o m e n  s h e l l s  in  the p r e s e n c e  of h y d ro q u in  one i n d i c a t e s  
th a t  a  low c o n c e n t r a t i o n  of o -b en zo q u in o n e  may  be n e c e s s a r y  d u r in g  
a c t iv i t y  of p h e n o la s e s  a s  s u g g e s t e d  by A d a m s  and. N e l s o n  (79). H y d r o -  
quinone is  b e l i e v e d  to a c t  a s  a  r e d u c in g  a g e n t  to r e d u c e  o -q u in o n e s  
s i m i l a r  to the i n d o p h e n o l -o -q u in o n e  r e d o x  s y s t e m  u s e d  f o r  m e a s u r i n g  
ca techola .se  a c t iv i ty  ( C h a p te r  III). H y d ro q u in o n es  and  the r e s o r c i n o l s
51
TABLE IV
OXYGEN UPTAKE F O R  E N Z Y M E  P R E P A R A T IO N S  IN 
TH E P R E S E N C E  OF VARIOUS SUBSTRATES
Source  of 
E n z y m e
A bdom en
she l l s
Blood
P r e s s
juice
S h r im p
Species
P .  s e t i f e r u s
P .  s e t i f e r u s
P .  a z tec u s
A n tennae  P .  a z te c u s
A bdom en  P ,  d u o r a u m  
s h e l l s
S u b s t r a t e  and O xygen  I
C one e n t r a t i  on A*Wg. /h
D L - d o p a  (C3) 270
p y r o c a t e c h o l  (C^) 2 6 0
p - c r e s o l  (C^) 1 0 0
D L - t y r o s i n e  (C^) 50
L - d o p a  (Cj) 330
D L - d o p a  {C ^) 165
p - c r e s o l  (C-j )̂ 330
hydr  oquinone (C^) 125
L - d o p a  (C^) 2 2 0
D L - d o p a  ( C j ) 1 0 0
p y r o c a t e c h o l  ( C T) 2 6 0
D L - t y r o s i n e  (C ^) 180
p - c r e  s o l  (C T) 720
hydr  oquinone (C^) 300
D L - d o p a  (C3 ) 480
p - c r e s o l  (C^) 504
D L - d o p a  (C 3 ) 350
p y r o c a t e c h o l  {C5 ) 304
p - c r e s o l  (C^) 6 8
m - c r e s o l  (C^) 54
hydroqu inone  (C 2 ) 408
v-3C L = 2 . 0 X 1 0  M; C 3  -  5 .0  X 10 M; C 5  = 9. 1 X 10 M;
2 “ 3 . 4 x  lO - 3  M; C 4  = 5. 5 X 1 0 ' J M; C 6  = 9 . 3 X  l O ' - ' M .-3 ,-3
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a.re no t  c o n s i d e r e d  s u b s t r a t e s  fo r  p h e n o l a s e s  b u t  a r e  o x id ized  in the 
p r e s e n c e  of o - q u in o n e s .
L - d o p a  w as  o x id ize d  a p p r o x i m a t e l y  tw ice  a s  f a s t  a s  eq u a l  
m o l a r  q u a n t i t i e s  of D L - d o p a  in  the p r e s e n c e  of b lood f r o m  P ,  
s e t i f e r u s  and  p r e s s  ju i c e  f r o m  P .  a z t e c u s  h e a d s .  I t  i s  p o s s i b l e  t h a t  
the p h e n o la s e  in v o lv e d  i s  s te r e o s p e c . i f i c  fo r  the  ox ida t ion  of the 
L - i s o m e r  of th i s  s u b s t r a t e .
2. N a t u r a l  S u b s t r a t e s  fo r  S h r im p  P h e n o l a s e ( s )
E v id e n c e  w as  o b ta in e d  which, i n d i c a t e s  t h a t  p h e n o l a s e s  in  
s h r i m p  ox id ize  p h e n o l i c  g r o u p s  a t t a c h e d  to p r o t e i n s  o r  p o ly p e p t id e s  
a s  w e l l  a s  f r e e  p h e n o l s .  When s h r i m p  e x t r a c t s  o r  b lood  fra .c t ions  
w e r e  d i a ly z e d  f o r  s e v e r a l  days  to r e m o v e  a m i n o  a.c.ids a n d  o th e r  
w a f e r  so lu b le  m a t e r i a l s ,  m o s t  p r e p a r a t i o n s  c o n t in u e d  to d a r k e n ;  
and  i f  h e ld  a t  25°  C.  o r  a b o v e ,  d a r k e n i n g  w a s  a p p r e c i a b l e  a f t e r  
s h o r t  i n t e r v a l s  of t i m e .  T h e s e  s o lu t io n s  f i r s t  t u r n e d  p ink ,  then  
red ,  and f in a l ly  b l a c k .  S h e l l  c u t i c l e  an d  b lood  p r o t e i n s  gave s t r o n g  
pheno l  t e s t s  w i th  f e r r i c  c h l o r id e  a n d  w i th  m o d i f i e d  F o l i n  and  
C i o c a l t e u  r e a g e n t  (80).  The  e p i c u t i c l e  a t t a c h e d  to s h e l l  da r k e n e d  
c o n s i d e r a b l y  w hen  h e ld  o v e r n ig h t  a t  r o o m  t e m p e r a t u r e  in  the p r e s ­
en ce  of s h r i m p  b lo o d  t a k e n  f r o m  the  p e r i c a r d i a l  s inus  of P .  a z t e c u s  
s h r i m p .
T h e r e  i s  l i t t l e  d o u b t  t h a t  s o m e  p h e n o l a s e s  c a n  c a t a l y z e  the  
ox ida t ion  of p h e n o l s  a t t a c h e d  to p r o t e i n  (2 1 ), b u t  :i.t h a s  n o t  been
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shown tha t  t h e s e  g roups  can  he c o n v e r t e d  to m e la n in .  Since no p r e ­
p a r a t i o n  e x a m in e d  was s t e r i l e ,  b a c t e r i a  p r e s e n t  m igh t  have  b e e n  
p ro d u c in g  p ro te o ly t i c  e n z y m e s  w h ic h  a c ted  in con ju n c t io n  with  
p h e n o la s e  to p ro d u c e  n o n - d ia ly z a b le  m e lan in .
In a.n e f fo r t  to iden t i fy  n a t u r a l  s u b s t r a t e s  invo lved  in b l a c k  
s p o t  f o rm a t io n ,  a  p a p e r  c h r o m a t o g r a p h i c  p r o c e d u r e  s i m i l a r  to t h a t  
u s e d  by B a i l e y  (81) fo r  the s e p a r a t i o n  and id e n t i f i c a t io n  of s u g a r s  
w as  u s e d  to s e p a r a t e  the am in o  a c i d s  in s a m p l e s  of p r e s s  ju ice  
f r o m  h ead s  and  blood of P .  s e t i f e r u s .  The o rg a n ic  f r a c t i o n  of a  
m i x t u r e  of 1 -bu tano l ,  a c e t i c  a c id  a n d  w a te r  (50:10:40)  w as  u s e d  a s  
s o lv e n t  in a c h a m b e r  d e s ig n e d  for  a s c e n d in g  p a p e r  c h r o m a t o g r a p h y .
A 2.0 (11. a l iq u o t  of the v a r i o u s  sa .mples  was  a p p l i e d  to
W hatm an  no, 1 f i l t e r  p a p e r  a.long w i th  s t a n d a r d  a m in o  a c i d s  (50 j^g.) .  
The  c h r o m a t o g r a m s  w e r e  p la c e d  in  so lv e n t  s a t u r a t e d  c h a m b e r s  and  
the so lv e n t  a l lo w e d  to a s c e n d  the p a p e r  for 12. h o u r s .  The. a i r  d r i e d  
c h r o m a t o g r a m s  w e r e  d ip p e d  in rvinhydrin, d r i e d  a t  r o o m  t e m p e r a t u r e  
and h e a t e d  a t  85°  C. fo r  5 m i n u t e s .  The a m in o  a c i d s  w e r e  i d e n t i ­
fied by Rf  v a lu e s  and  by  c o m p a r i n g  t h e i r  r a t e s  of m o v e m e n t  with, 
those  of the s t a n d a r d  a c i d s .
L - t y r o s i n e  was  i n v a r ia b ly  p r e s e n t  in t h e s e  s a m p l e s  and 
L-dopa,  was  i d e n t i f i e d  in  s e v e r a l  s a m p l e s .
The m ethod  ou t l ined  by C l a r k  e t  a l .  (82.) for  f r a c t i o n a t in g  
po lypheno ls  in  p o ta to e s  w a s  u s e d  to  ex tra .e t  and  i s o l a t e  po ly p h en o ls
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f r o m  s h r i m p  h e a d  p r e s s  j u i c e .  T h i s  m e th o d  in v o lv e s  e x t r a c t i o n  w i th  
a c e to n e ,  c o n c e n t r a t i o n  a n d  p r e c i p i t a t i o n  of p h e n o ls  a s  l e a d  p h e n o -  
l a t e s ,  r e m o v a l  of l e ad  w i th  s u l fu r ic  a c i d  an d  e x t r a c t i o n  w i th  e th y l  
a c e t a t e .  The e th y l  a c e t a t e  so lu t io n s  w e r e  then  e v a p o r a t e d  and  the 
r e s i d u e  e x t r a c t e d  with  d i lu te  (0.01%) a c e t i c  a c i d .  T e s t s  w i th  m o d i ­
f ie d  Fo l in  and  C i o c a l t e u  r e a g e n t  (80) i n d i c a t e d  the p r e s e n c e  of 
p h e n o l s ,  bu t  the n in h y d r in  t e s t  fo r  a m i n o  a c i d s  (6 9 ), page  207-210)  
w as  n e g a t iv e .  A n a b s o r p t i o n  s p e c t r u m  of the  a c id i c  s o lu t io n  e x ­
h ib i t e d  a b s o r p t i o n  p e a k s  a t  272 m(J. a n d  b e tw e e n  300 a n d  307
tn(l , The only pheno l ic  c o m p o u n d  know n  to a b s o r b  in t h e s e  r e ­
g ions  i s  5, 6 - d ih y d r o x y  in d o le  w h ich  w a s  found by M a so n  (29) to 
a b s o r b  m a x i m a l l y  a t  275 cnfJ- and  298 mjtl . No f u r t h e r  a t t e m p t  
w a s  m ade  to id en t i fy  th is  com p o u n d .
P r e s s e d  ju ice  f r o m  P .  a z t e c u s  h e a d s  w as  d i lu te d  10 to 100 
ml. w ith  0 . 4  M. s o d iu m  p h o s p h a te  b u f f e r  and  10 m l .  dopa  (1 m g .  / m l .  
a l s o  in  buf fe r )  a d d ed .  O xygen  was  b u b b le d  t h r o u g h  th i s  so lu t io n  fo r  
two m in u te s  and  the f l a s k  s t o p p e r e d .  The s o lu t io n  t u r n e d  r e d - b r o w n  
a f t e r  two h o u r s  a t  25°  C.  a n d  a b s o r b e d  s t r o n g l y  a t  280 mjli an d  475 
mM . A f t e r  five h o u r s  a t  th i s  t e m p e r a t u r e  the s o lu t io n  t u r n e d  
b la c k .
T h is  s e q u en ce  of c o l o r  c h a n g e s  is e x a c t l y  t h a t  d e s c r i b e d  
by  M a so n  (2,9) fo r  the t h r e e  c h r o m o p h o r i c  p h a s e s  b r o u g h t  a b o u t  by 
the  a.ction of mead worm, t y r o s i n a s e  on dopa .  The m a t e r i a l
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a b s o r b i n g  a t  475 rn[I w as  c h a r a c t e r i z e d  by  M a s o n  (29) a s  h a l lo -  
c h r o m e  r e d  ( d o p a c h ro m e ) .  When d i lu te d  s h r i m p  h e a d  p r e s s  ju ice  
w as  h e ld  u n d e r  s i m i l a r  c o n d i t io n s  in the a b s e n c e  of ad d ed  dopa  the 
s a m e  s e q u e n c e  of c o l o r  c h a n g e s  o c c u r r e d ,  a n d  the r e d - b r o w n  s o ­
lu t ion  a b s o r b e d  s t r o n g l y  a t  475 . A b s o r b a n c e  in  th is  r a n g e
in d i c a t e s  the p r e s e n c e  of h a l l o c h r o m e  r e d .
Since t y r o s i n e  w as  p r e s e n t  i n  qua.ntity, a n d  dopa f o r m e d  
u n d e r  n a t u r a l  c o n d i t io n s  an d  a p p e a r s  to be c o n v e r t e d  to d o p a ­
c h r o m e ,  t y r o s i n e  a p p a r e n t l y  i s  a n a t u r a l  p r o d u c t  o x id ized  in  a  s e ­
quence  of r e a c t i o n s  l ead ing  to b l a c k  s p o t  f o r m a t i o n .  The e a s e  of 
d o p a c h r o m e  f o r m a t i o n  in the p r e s e n c e  of ex o g e n o u s  dopa  and  the 
p o s s i b l e  id e n t i f i c a t i o n  of 5 , 6 - d i h y d r o x y  indo le  a s  a.rj in te rm e d ia te ,  
p r o d u c t  is  e v id en ce  t h a t  the t y r o s i n e  i s  c o n v e r t e d  to b la c k  sp o t
a.r.d t h a t  t h e s e  a r e  a.ctua.lly "dopa. m e la n in s
G. P u r i f i c a t i o n  of S h r im p  H ea d  C a t e c h o la s e
R e s u l t s  r e p o r t e d  in the p r e v i o u s  s e c t i o n  c o n c e r n i n g  the 
s u b s t r a t e  s p e c i f i c i t y  of s h r i m p  p h e n o la s e  i n d i c a t e  tha.t the b e s t  
s o u r c e s  of the e n z y tn e ( s )  f o r  p u r i f i c a t i o n  p u r p o s e s  w e r e  the 
a n t e n n a e ,  the a b d o m e n  s h e l l s  and  blood.  S e v e r a l  a t t e m p t s  w e r e  
m ade  to p u r i f y  c a t e c h o l a s e  f r o m  the a b d o m e n  s h e l l s  a.nd antenna.e 
bu t  v e r y  l i t t l e  p u r i f i c a t i o n  w a s  a t t a i n e d  fo r  e n z y m e  s a m p l e s  f r o m  
th e se  s o u r c e s  even  though  a. v a r i e t y  of m e th o d s  w e r e  u s e d .
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p r e s s  ju ice  an d  e x t r a c t s  f r o m  h e a d s  w e r e  the m o s t  p r a c t i -  
c a l  s o u r c e s  f o r  c r u d e  e n z y m e  and  w e r e  u s e d  in  a t t e m p t s  to  i s o l a t e  
c a t e c h o l a s e .  The m e th o d s  u s e d  in  t h e s e  s tu d i e s  w e r e  t h o s e  c o m ­
m o n ly  e m p lo y e d  in c lud ing  ly o p h i l i z a t io n ,  s a l t  f r a c t i o n a t i p n ,  low 
t e m p e r a t u r e  o rg a n ic  s o lv e n t  p r e c i p i t a t i o n  a n d  a d s o r p t i o n  a n d  e lu t io n  
p r o c e d u r e s .  The m a x i m u m  i n c r e a s e  in  p u r i t y  a c h i e v e d  t h r o u g h  u se  
of t h e s e  m e th o d s  w as  17 fo ld  r e p r e s e n t e d  by  a  s p ec i f ic  a c t i v i t y  of 
130.  Since  th i s  v a lu e ,  a s  p o in te d  out l a t e r ,  is  l o w e r  th an  c a t e ­
c h o l a s e  a c t i v i t i e s  o b ta in ed  f r o m  c e r t a i n  b lood  f r a c t i o n s  f r o m  s h r i m p ,  
b lood  is  o b v io u s ly  a b e t t e r  i n i t i a l  s o u r c e  f o r  fractipna. ti .on s tu d ie s  
and  w i l l  un d o u b ted ly  be u s e d  in  f u tu r e  a t t e m p t s  to p u r i f y  th i s  e n z y m e .  
Q u a n t i t i e s  of s h r i m p  b lood a v a i l a b l e  d u r in g  the p r o g r e s s  of w o rk  r e ­
p o r t e d  in  th i s  d i s s e r t a t i o n  w e r e  i n s u f f i c i e n t  f o r  t h o ro u g h  p u r i f i c a ­
tion. s t u d i e s .  D e ta i l e d  d e s c r i p t i o n s  of two of the m any  s c h e m e s  u s e d  
in a t t e m p t s  to p u r i f y  c a t e c h o l a s e  f r o m  va.rious  h e a d  e x t r a c t s  a r e  
g iv en  in A p p e n d ix  VI.
H, P h e n o l a s e  .in S h r im p  B lood
While  s tudy ing  the  s u b s t r a t e  s p e c i f i c i t i e s  of p h e n o l a s e ( s )  
f r o m  v a r i o u s  a n a t o m i c a l  lo c a t io n s  of s h r i m p  i t  wa.s found th a t  
r i n s e d  a b d o m e n  s h e l l  ( a n d / o r  the f i r m l y  a t t a c h e d  c u t ic le )  in c lud ing  
the t e l s o n  a n d  u r o p o d  had  bo th  m o n o -  and o-d ihydr ic .  p h e n o la s e  
a c t i v i t i e s .  I t  a p p e a r e d  t h a t  t h e s e  t i s s u e s  a lo n e  c o n ta in e d  s u f f i c i e n t  
q u a n t i t i e s  of both  e n z y m e  a n d  s u b s t r a t e  to c a u s e  the m e l a n o s i s
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o b s e r v e d  in  r e f r i g e r a t e d  or  f r o z e n  s h r i m p  a b d o m e n  ( ta il ) ,  b a t  i t  w as  
a l s o  o b s e r v e d  th a t  t h e  c o n te n t s  of the  c e p h a to th o ra .x  t u r n e d  b l a c k  v e r y  
r a p id ly ,  e v e n  if k e p t  a t  r e f r i g e r a t e d  t e m p e r a t u r e s  a n d  pa . r t icu la . r ly  i f  
w ho le  s h r i m p  w e r e  f r o z e n  a n d  th a w e d .
P r e s s  j u i c e  f r o m  h e a d s  w a s  a l s o  a. good  s o u r c e  of p h e n o -  
hs.se. T h e  ju ic e  f r o m  (whole P ,  s e t i f e r u s  h e a d s  i n c lu d in g  s t o m a c h s  
h a d  c a t e c h o l a s e  a c t i v i t y  of 1 9  a f^ e r  r e m o v a l  of i n s o lu b le  p r o ­
t e i n s  by c e n t r i f u g a t i o n .  J u i c e  f r o m  h e a d s ,  e x c lu d in g  s t o m a c h s  
f r o m  the sa .me c a t c h  of s h r i m p  h a d  a n  a c t i v i t y  of 52. P r e s s  
j u i c e  f r o m  th e  g i l l  a r e a  h ad  72% g r e a t e r  c a t e c h o l a s e  a c t i v i t y  th a n  
tha.t  f r o m  w h o le  h e a d s ,  whi le  j u i c e  f r o m  an area ,  i n c lu d in g  the  
s t o m a c h  a n d  h e a r t  b u t  e x c lu d in g  the  g i l l s  had. 3 0 % l e s s  c a t e c h o l a s e  
a c t i v i t y  t h a n  th a t  f r o m  whole  h e a d s .
When f lu id  w a s  p r e s s e d  f r o m  f r e s h l y  c a u g h t  P .  a z t e c u s  
h e a d s  and  f r o z e n  a n d  thaw ed ,  a  l a r g e  q u a n t i ty  of c l o t t e d  b lo o d  w a s  
o b s e r v e d  in  the m i x t u r e .  W hen  the c l o t s  w e r e  r e m o v e d ,  h o m o g e n ­
i z e d  by g r in d i n g  w i th  s an d ,  c e n t r i f u g e d  and  d i a l y z e d ,  the. a c t i v i t y  of 
the  d i a l y z a t e  w as  58. W hen the r e m a i n d e r  of the  ju i c e  w a s  s i ­
m i l a r l y  t r e a t e d  i t s  a c t i v i t y  w a s  found to be 28.
In a. f u r t h e r  e x p e r i m e n t ,  h e a r t s  w e r e  r e m o v e d  f r o m  a p ­
p r o x i m a t e l y  200 f r e s h l y  ca u g h t  s h r i m p  ( P .  s e t i f e r u s )  an d  d i s p e r s e d  
in 10 m l .  of 0.  1 M s o d i u m  p h p s p h a te  b u f f e r  (pH 6 . 0).  T h i s  p r e p a r ­
a t i o n  was  f r o z e n ,  t h a w e d  a n d  f r a c t i o n a t e d  a s  o u t l in e d  in  A p p e n d ix
58
VII to y ie ld  o - d ih y d r i c  p h e n o la s e  sp e c i f i c  a c t i v i t i e s  of 80 an d  
92;, bu t  h a d  no a p p a r e n t  m o n o p h e n o la s e  a c t i v i t y .
O t h e r  b l o o d - r i c h  a r e a s  found were, the s in u s  openings  in  
the  p leo p o d s  a n d  the p e r i o p o d s ,  the s e g m e n t s  w h ic h  c o n n e c t  t h e s e  
leg s  to the  s h r i m p  body  an d  b e tw e e n  the  s h e l l  s e g m e n t s .  B lood  
c a n  be r e m o v e d  f r o m  the p e r i c a r d i a l  s i n u s e s  of l ive  s h r i m p  (o r  
i m m e d i a t e l y  a f t e r  dea th )  e i t h e r  by h y p o d e r m ic  s y r i n g e  or  by a s p i r a ­
tion, b u t  only s m a l l  q u a n t i t i e s  co u ld  be o b ta in ed  f r o m  the s m a l l  
s h r i m p  c a u g h t  in the i n l a n d  s h r i m p i n g  a r e a s  of L o u i s i a n a .  T h i s  
b lood  w a s  s l i g h t ly  y e l low  w hen  c o l l e c t e d ,  b u t  t u r n e d  b l u i s h - g r e e n  
upon e x p o s u r e  to a i r .  When le f t  in c o n t a c t  w ith  a i r  o r  c e n t r i f u g e d ,  
the b lood  d a r k e n e d  an d  gf ten t u r n e d  b l a c k .  Blood f r o m  P .  a z t e c u s  
a lw a y s  b l a c k e n s  d u r in g  c e n t r i f u g in g  u n l e s s  t r e a t e d  w i th  an  a n t i -  
oxida.nt or  c o p p e r  b ind ing  a g e n t .
Blood, s a m p l e s  w e r e  c o l l e c t e d  f r o m  six. c a t c h e s  of s h r i m p  
a n d  f r a c t i o n a t e d  by v a r i o u s  m e a n s  b e f o r e  be ing  a n a l y z e d  fo r  p h e ­
n o l a s e  a c t i v i t i e s .  In  s o m e  i n s t a n c e s  a  s m a l l  c e n t r i f u g e  was  u s e d  
on the b o a t  to f r a c t i o n a t e  the  b lood .  A f t e r  c e n t r i f u g in g  (800 X g. ,
15 m in u te s )  the  s e d i m e n t  c o n ta in e d  n u m e r o u s  m o n o n u c le a t e d  l e u c o ­
c y t e s ,  a n d  a l s o  a  few c e l l  f r a g m e n t s  w h ic h  r e s e m b l e d  m a m m a l i a n  
blood p l a t e l e t s .  The n u c l e i  of the f o r m e r  s ta in  d a r k  p u r p le  w i th  
Giemsa .  a n d  W r i g h t ' s  s t a i n  w h i le  the c y t o p l a s m  w as  s t a i n e d  l igh t  
b lue .  The o th e r  c e l l s  sta . ined l ig h t  p u r p l e  w ith  t h e s e  s t a i n s .  T he
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t r e a t m e n t  an d  m e th o d s  f o r  f r a c t i o n a t i n g  the s ix  s a m p l e s  of b lood a r e  
o u t l in e d  in A p p e n d ix e s  VIII -A t h r u  V II I -F ,  and  a  s u m m a r y  of 
o - d ih y d r i c  p h e n o la s e  a c t i v i t i e s  of the d i f f e r e n t  f r a c t i o n s  g iven  in 
Thble V. V e r y  l i t t l e  m o n o h y d r ic  p h e n o la s e  a c t i v i t y  cou ld  be d e m ­
o n s t r a t e d  in  the " p l a s m a "  a n d  " s e r u m "  f r a c t i o n s  of t h e s e  s a m p l e s ,
b u t  s e v e r a l  of the  " s e d i m e n t ’1 s a m p l e s  c a t a l y z e d  the ox ida t ion  of
,  , . *L - t y r o s i n e  .
A n o t h e r  s a m p l e  of P .  s e t i f e r u s  b lood  w as  f r a c t i o n a t e d  w i th  
a m m o n i u m  s u l f a t e  a n d  a  g lobu l in  f r a c t i o n  o b ta in ed  w h ich  c a ta ly z e d  
the  ox ida t ion  of p y r o c a t e c h o l  an d  L - d o p a  (30 an d  5 jLtloO  ̂ u p tak e  p e r  
h o u r ,  r e s p e c t i v e l y )  bu t  n o t  the  ox ida t ion  of p - c r e s o l ,  L - t y r o s i n e ,  
p - p h e n y l e n e d i a m i n e  or  h y d ro q u in o n e .  T h i s  f r a c t i o n  w as  l ig h t  g r e e n  
and  did  no t  d a r k e n  a p p r e c i a b l y  w hen  s t o r e d  o v e r n ig h t  a t  4 °  C. I ts  
c o p p e r  c o n te n t  w as  0 .08% ,  a n d  i t s  o th e r  p r o p e r t i e s  s i m i l a r  to th o se  
of h e m o c y a n in .
The i d e a  of an  a c t iv e  p h e n o la s e  in  b lood  l e u c o c y te s  w as  
f u r t h e r  s u b s t a n t i a t e d  by c e r t a i n  p r o p e r t i e s  of s h r i m p  p r o t e i n  e x ­
h ib i t e d  d u r in g  f r a c t i o n a t i o n .  F r e e z i n g  a n d  thawing ,  a s  w e l l  a s  
ly o p h i l i z a t i o n  t e n d e d  to i n c r e a s e  the  t o t a l  c a t e c h o l a s e  a c t i v i t y  of 
e x t r a c t s  f r o m  s h r i m p  h e a d s .  H igh  s p e e d  c e n t r i fu g in g  of p r e s s e d
D e m o n s t r a t e d  q u a l i t a t i v e l y  by a  c o l o r i m e t r i c  m e th o d  
s i m i l a r  to t h a t  u s e d  f o r  d e t e r m i n a t i o n  of dopa  o x id ase  a c t iv i ty ;  
L - t y r o s i n e  w as  s u b s t i t u t e d  f o r  D L -d o p a .
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T r e a t m e n t
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P .  a z t e c u s  S h r im p  
C b 116 VIII-A F r o z e n  b e f o r e  f r a c t i o n ­
a t in g ,  no a n t i c  o ag u lan t .






C b 152 
Db 39
VIII-B C e n t r i f u g e d  b e f o r e
f r e e z i n g ,  no a n t i -  
c oagu lan t .
VIII -C  F i l t e r e d  t h r o u g h  C e l i t e
on f r i t t e d  g l a s s  b e f o r e  
f r e e z i n g ,  h e p a r i n  u s e d  
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C b 78 Cb 53 V I I I -F  C e n t r i f u g e d  b e f o r e
f r e e z i n g ,  o x a la te  a s  
an t ic  oagu lan t .
P r e d o m i n a t l y  P .  s e t i f e r u s  S h r im p
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j u i c e s  le f t  a  g e l - l i k e  r e s i d u e  l a y e r e d  o ver  the  bulk  of the in so lu b le  p r o ­
te in  w h ic h  had  a  h i g h e r  s p e c i f i c  a c t i v i t y  t h a n  the r e m a i n d e r  of the p r o ­
t e i n  in the  s e d i m e n t  or  the  s u p e r n a t a n t .
The p r e s e n c e  of an  a c t iv e  p h e n o la s e  in  l e u c o c y te s  r a t h e r  than  
in p l a s m a  of b lood  w o u ld  e x p l a i n  why blood d o e s  no t  d a r k e n  in  l ive 
s h r i m p .  The p o s s i b i l i t y  e x i s t s  t h a t  the a c t i v e  e n z y m e  i s  s e p a r a t e d  
f r o m  s u b s t r a t e  by  the c e l l  w a l l  of the l e u c o c y te  which  i s  no t  p e r m e ­
a b le  to the s u b s t r a t e .  D i s i n t e g r a t i o n  of the c o r p u s c l e s  w hen  b lee d in g  
o c c u r s  would  r e l e a s e  e n z y m e  r e s u l t i n g  in d a r k e n i n g  of b lood.
T h i s ,  h o w e v e r ,  d o e s  n o t  e x p la in  w hy  s h e l l  an d  a d h e r i n g  c u t i c l e  
r e m a i n  u n d a r k e n e d  in l ive  s h r i m p ,  s in ce  bo th  e n z y m e  an d  s u b s t r a t e  
a p p e a r  to  be a v a i l a b l e  in  t h e s e  a r e a s .  The p r e v e n t i o n  of m e l a n o s i s  in 
l iv ing  s h r i m p  m ig h t  p o s s i b l y  be due to  a p y r id i n e  n u c le o t id e  quin  one 
r e d u c t a s e  and  r e d u c e d  D P N  p r e s e n t  in  s h r i m p .  Since  t h e r e  is  a  r a p i d  
o x ida t ion  of r e d u c e d  T P N  b y  the e n z y m a t i c a l l y  p r o d u c e d  oxida t ion  
p r o d u c t s  of c a t e c h o l  a n d  dopa  ( 6 ), s u c h  a r e d u c i n g  s y s t e m  m a y  e x i s t .  
D e n n e l l  (17) found th a t  the r e d o x  p o t e n t i a l  of b lo o d  f r o m  l a r v a e  of the  
fly S a r c o p h a g a  f a l c u l a t a  s t e a d i l y  d e c r e a s e d  p r i o r  to p u p a t io n  and  then  
i n c r e a s e d  s h a r p l y ,  an d  m e l a n i z a t i o n  o c c u r r e d .  He s u p p o s e d  th a t  i n ­
h ib i t io n  of m e l a n i z a t i o n  in  m a t u r e  l a r v a e  w as  c a u s e d  by a  d e h y d r o ­
g e n a s e  s y s t e m  w h ic h  i n c r e a s e d  the r e d u c in g  p o w e r  of the b lood.
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I. C o n c lu s io n s
R e s u l t s  p r e s e n t e d  in  th is  c h a p t e r  s ign i fy  t h a t  c e r t a i n  o x id a se s  
in  s h r i m p  t i s s u e  and b lo o d  a r e  p h e n o l a s e s :  c o p p e r  w a s  n e c e s s a r y  for  
c a t e c h o l a s e  ac t iv i ty ;  th i s  a c t iv i ty  w a s  r e d u c e d  by s u b s t a n c e s  w h ic h  
in h ib i t  o th e r  p heno lase  s y s t e m s ;  h e a t in g  a t  low  t e m p e r a t u r e s  i n c r e a s e d  
c a t e c h o l a s e  a c t i v i t y  s i m i l a r  to c e r t a i n  p roca . techola .ses p r e v i o u s l y  r e -  
p r o t e d  in  the l i t e r a t u r e ;  lo w  e n e r g i e s  of a c t i v a t io n  in d ic a te d  t h a t  c a t e ­
c h o la s e  and  dopa  oxidase  p r e s e n t  a r e  h ighly  a c t iv e  an d  s i m i l a r  to 
a e r o b i c  d e h y d r o g e n a s e s  f r o m  o th e r  s o u r c e s ,  bu t  d i s s i m i l a r  to a n ­
a e r o b i c  d e h y d r o g e n a s e  s y s t e m s .
S tud ies  of s u b s t r a t e  s p e c i f i c i t y  and  a n a t o m i c a l  lo ca t io n s  of 
th e se  p h e n o la s e ( s )  i n d i c a t e d  tha t  m a t e r i a l  in  a b d o m e n  sh e l l s  w i th  a d ­
h e r in g  e p i c u t i c l e ,  a n te n n a e ,  p r e s s  ju i c e  f r o m  heads  an d  blood c a t a ­
ly zed  the ox ida t ion  of b o th  o - d ih y d r i c  and m o n o p h e n o ls .  The s h e l l s  
w ith  a t t a c h e d  ep icu t ic le  w e r e  m o re  a c t iv e  a s  o - d ih y d r i c  p h en o la se  
while  the  p r e s s  ju ice  h a d  g r e a t e r  m o n o p h e n o la se  a c t iv i ty .  Dopa ox i­
d a s e  in  b lood a n d  p r e s s  j u i c e  was s t e r e o s p e c i f i c  fo r  the  L - i s o m e r .
Whole,  u n d ia ly z e d  blood c a t a l y z e d  the ox ida t ion  of bo th  m o n o -  
and  o - d ih y d r i c  phenols  a n d  a p p e a r e d  to co n ta in  two d i s t i n c t  p h e n o la s e s .  
H e m o c y a n in  a p p a r e n t l y  c a n  a c t  as  a  c a t e c h o l a s e  bu t  a  m o r e  a c t iv e  
o -d ih y d r ic  p h en o la se  an d  a  m o n o p h en o la se  s e e m  to be p ro d u c e d  in  the 
l e u c o c y te s  or  o th e r  blood c e l l s .  T h i s  m a t e r i a l  is  a p p a r e n t l y  r e l e a s e d
to  the s e r u m  a f t e r  d i s i n t e g r a t i o n  of the c e l l s  a n d  c o u ld  no t  be s e p ­
a r a t e d  f r o m  h e m o c y a n i n  s in c e  b o th  w e r e  g lo b u l in s .
T y r o s i n e  w a s  p r e s e n t  in  b lood  a n d  p r e s s  j u i c e s  a n d  p r o b a b l y  
i s  a  n a t u r a l  s u b s t r a t e  fo r  s h r i m p  p h e n o l a s e .  P h e n o l i c  c o m p o u n d s  
a t t a c h e d  to  p r o t e i n  m a y  a l s o  be o x id iz e d  in  the p r e s e n c e  of s h r i m p  
p h e n o l a s e .  The  s e q u e n c e  of m e l a n o p h o r i c  c h a n g e s  p r o d u c e d  d u r i n g  
th e  b la .ckening  of s h r i m p  b lo o d  a n d  e x t r a c t s  i s  e x a c t ly  t h a t  d e s c r i b e d  
f o r  the p r o d u c t i o n  of " d o p a  m e l a n i n s " .
SUMMARY
S e v e r a l  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  of the e n z y m e ( s )  
w h ich  c a u s e  b l a c k  sp o t  in  s h r i m p  a s s o c i a t e  t h e m  w ith  a g ro u p  of 
e n z y m e s  g e n e r a l l y  r e f e r r e d  to a s  p h e n o l a s e s .  T h is  e n z y m e  s y s t e m  
c a t a l y z e d  the ox ida t ion  of the  m o n o h y d r ic  a n d  o - d ih y d r i c  p h e n o l s  
u s u a l l y  i d e n t f i e d  w i th  p h e n o la s e  a c t i v i t y  of e n z y m e s  f r o m  d i f f e r e n t  
s o u r c e s .
The n e c e s s i t y  of c o p p e r - c o n t a i n i n g  p r o t e i n  fo r  the e n z y m a t i c  
o x ida t ion  of p y r o c a t e c h o l  w as  d e m o n s t r a t e d  a n d  i t  was  a l s o  show n t h a t  
s u b s t a n c e s  know n to in h ib i t  a c t i v i t y  of p h e n o l a s e s  f r o m  o t h e r  s o u r c e s  
a l s o  in h ib i ted  ox id a t io n  of p y r o c a t e c h o l  in  the p r e s e n c e  of s h r i m p  p r o ­
te in.  In h ib i t ion  by  c o p p e r - b i n d i n g  s u b s t a n c e s  w a s  f u r t h e r  e v id e n c e  
th a t  c o p p e r  i s  e s s e n t i a l  f o r  r e a c t i v i t y  of t h i s  e n z y m e  s y s t e m .  O th e r  
i n h i b i t o r s  su ch  a s  r e d u c in g  a g e n t s ,  c e r t a i n  c a r b o x y  a c id s  a n d  ph en o l ic  
c o m p le x in g  a g e n t s  a l s o  i n h ib i t e d  o - d ih y d r i c  p h e n o l a s e  a c t i v i t y  of 
s h r i m p  f r a c t i o n s .
M ethods  s i m i l a r  to  t h o se  u s e d  in  the p u r i f i c a t i o n  of m u s h ­
r o o m ,  po ta to  an d  m a m m a l i a n  c a t e c h o l a s e  w e r e  u se fu l  in  the  p u r i f i ­
c a t io n  of s h r i m p  c a t e c h o l a s e .  T h e s e  e n z y m e ( s )  a p p e a r e d  to be w a t e r  
so lub le  g lobu l in s ,  n o t  p r e c i p i t a t e d  by  30% s a t u r a t e d  a m m o n i u m  su l f a te ,  
bu t  p r e c i p i t a t e d  w i th  60% s a t u r a t e d  a m m o n i u m  s u l fa te .
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V a r io u s  b lo o d  f r a c t i o n s  w e r e  v e r y  h ig h  in  o - d ih y d r i c  p h e n o l ­
a s e  a c t i v i t y .  The m o s t  a c t i v e  f r a c t i o n s  on a  p r o t e i n  b a s i s  w e r e  those  
found in  s e d i m e n t  a f t e r  b lood  w a s  c e n t r i f u g e d ,  an d  th i s  s u p p o r t s  the 
b e l i e f  t h a t  l e u c o c y t e s  c o n ta in  a  v e r y  a c t iv e  p h e n o l a s e  r e l e a s e d  upon 
e x p o s u r e  of b lood to a i r .  E v i d e n c e  i s  a l s o  g iven  w h ich  i n d i c a t e s  tha t  
s h r i m p  h e m o c y a n i n  a c t s  a s  a  c a t e c h o l a s e  a n d  c o n s e q u e n t l y  m a y  be 
in v o lv e d  in  b lac k  s p o t  f o r m a t i o n .
C a t e c h o l a s e  a c t i v i t y  w a s  s lo w ly  d e s t r o y e d  by h e a t in g  a t  
35°  C. , b u t  h e a t in g  f o r  s h o r t  p e r i o d s  a t  50° C. or  s l i g h t ly  h i g h e r  i n ­
c r e a s e d  i t s  a c t i v i t y .  P a r t  of the e n z y m e  m a y  be p r e s e n t  a s  a  p r o ­
e n z y m e  w h o se  a c t i v e  c e n t e r s  a r e  u n c o v e r e d  by  h ea t ing .  In th i s  r e s p e c t  
the s h r i m p  e n z y m e  i s  s i m i l a r  to o th e r  p h e n o l a s e s  s in ce  the  z y m o g e n  
n a t u r e  of p h e n o l a s e s  f r o m  s e v e r a l  s o u r c e s  i s  w e l l  known.  H ea t ing  a l s o  
c o u ld  have  r u p t u r e d  l e u c o c y t e s  p r e s e n t  to r e l e a s e  c a t e c h o l a s e ,  a l th o u g h  
th i s  w as  n o t  the only f a c t o r  in v o lv e d  s in c e  h ea t in g  in the a b s e n c e  of 
l e u c o c y t e s  a l s o  r e s u l t e d  in  i n c r e a s e d  a c t i v i t y  of c a t e c h o l a s e .  H e a t ­
ing f o r  s h o r t  p e r i o d s  above  6 5 °  C. i n a c t i v a t e d  the e n z y m e ,  a n d  i t  w as  
a l m o s t  c o m p l e t e l y  i n a c t i v a t e d  by  h e a t in g  fo r  1 m in u te  a t  80°  C. I ts  
h a l f - l i fe  a t  35°  C.  w a s  a p p r o x i m a t e l y  1 h o u r .
The  a c t i v a t i o n  e n e r g y  found f o r  ca techo la .se  a c t i v i t y  i d e n t i ­
f ie d  the e n z y m e  a s  a n  a e r o b i c  d e h y d r o g e n a s e ,  a n d  c o m p a r e d  f a v o r ­
a b ly  w i th  v a lu e s  d e t e r m i n e d  f o r  c a t e c h o l a s e  a c t i v i t i e s  of p h e n o l a s e s  
f r o m  o th e r  s o u r c e s .
M ic h a e l i s  c o n s t a n t s  w e r e  d e t e r m i n e d ,  but t h e s e  w e r e  no t  
c o m p a r a b l e  to v a lu e s  ob ta in ed  b y  o th e r  i n v e s t i g a t o r s  fo r  p h e n o la s e  
a c t i v i t y  p o s s i b l y  b e c a u s e  of d i f f e r e n c e s  in the  m e th o d s  u s e d  to d e ­
t e r m i n e  a c t i v i t i e s .
T h e  only n a t u r a l  p h e n o l a s e  s u b s t r a t e s  i d e n t i f i e d  in  s h r i m p  
w e r e  t y r o s i n e  an d  dopa .  The  id e n t i f i c a t i o n  of 2 - c a r b o x y - 2 ,  3 -  
d i h y d r o i n d o l e - 5 ,  6 -q u in o n e  ( d o p a c h ro m e )  a n d  the p o s s i b l e  i n d e n t i f i -  
c a t i o n  of 5, 6 - d i h y d r o x y  indo le  a s  i n t e r m e d i a t e s  c l a s s i f i e d  the m e la n in  
p r o d u c e d  in  b la c k  s p o t  a s  "dopa  m e l a n i n " .  I t  w as  p o in te d  out t h a t  the 
p o s s i b i l i t y  a l s o  e x i s t s  t h a t  p h en o l ic  g ro u p s  a t t a c h e d  to p r o t e i n  w e r e  
o x id iz e d  to  m e l a n i n s  in  s o m e  d i a l y z e d  s a m p l e s .
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g r a d u a t e d  from. De R i d d e r  H igh S choo l  in  1941. He e n t e r e d  the 
A r m y  A i r  F o r c e  in J u n e ,  1943 w h e r e  he s e r v e d  un t i l  he w a s  d i s ­
c h a r g e d  in F e b r u a r y ,  1946. In J u n e  of the  s a m e  y e a r  he e n r o l l e d  
a t  the  T u la n e  U n i v e r s i t y  of L o u i s i a n a  a n d  w a s  g r a d u a t e d  f r o m  
t h a t  i n s t i t u t i o n  in J u n e ,  1949 w i th  a  B a c h e l o r  of S c ie n c e  D e g r e e  
in P s y c h o lo g y .  In J u n e ,  1950 he e n t e r e d  Louis iana.  S ta te  U n i v e r s i t y  
a s  a  g r a d u a te  s tu d e n t  a n d  w as  a  g r a d u a t e  a s s i s t a n t  in  the D e p a r t ­
m e n t  of A g r i c u l t u r a l  C h e m i s t r y  an d  B i o c h e m i s t r y  f r o m  Ju ly ,  1951 
to J u n e ,  1953, when he c o m p l e t e d  the r e q u i r e m e n t s  f o r  the M a s t e r  
of S c ie n c e  D e g r e e .  He has  b e en  a  f u l l - t i m e  R e s e a r c h  A s s i s t a n t  
in  the  D e p a r t m e n t  of A g r i c u l t u r a l  C h e m i s t r y  an d  B i o c h e m i s t r y  
s in c e  Ju n e ,  1953 and  i s  now a c a n d i d a t e  fo r  the  D e g r e e  of D o c to r  
of P h i lo s o p h y .
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F r e s h  P .  a z t e c u s  h e a d s  w e r e  f r o z e n  ( - 4 0 °  F . ) a n d  s t o r e d  
f o r  2 m o n t h s  a t  t h i s  t e m p e r a t u r e  i n  M a r a t h o n  c a r t o n s .  T h e s e  h e a d s  
w e r e  u s e d  to p a r t i a l l y  p u r i f y  p h e n o l a s e  a s  fo l lo w s :  the  h e a d s  w e r e  
b l e n d e d  in  a n  e q u a l  w e i g h t  of d i s t i l l e d  w a t e r  a n d  the  r e s u l t i n g  s o l u ­
t io n  s t r a i n e d  t h r o u g h  5 l a y e r s  of c h e e s e  c l o t h  to  r e m o v e  s h e l l  a n d  
o t h e r  i n s o l u b l e  m a t e r i a l .  T h i s  e x t r a c t  w a s  t h e n  p a r t i a l l y  f r o z e n  
a n d  the  s o f t  c e n t e r  r e m o v e d  f o r  f u r t h e r  p u r i f i c a t i o n .  I t  w a s  c o m ­
p l e t e l y  f r o z e n ,  t h a w e d  a n d  c e n t r i f u g e d  (5, 400 X g , ,  20 m in .  , 4 °  C . }, 
a n d  th e  s u p e r n a t a n t  (A) f i l t e r e d  t h r o u g h  a  1 / 4  i n c h  p a d  of c e l i t e  
f i l t e r  a i d  ( L - 6 6 5 ) .  T he  f i l t r a t e  (B) w a s  l y o p M l l z e d  a n d  the  d r i e d  
m a t e r i a l  g r o u n d  to a  f in e  p o w d e r  (B p ) w i t h  m o r t a r  a n d  p e s t l e .  A  
5% d i s p e r s i o n  of th i s  p o w d e r  w a s  m a d e  b y  g r in d i n g  to  a  p a s t e  w i th  
5 m l .  d i s t i l l e d  w a t e r  a n d  d i lu t i n g  to  95 m l .  T h i s  d i s p e r s i o n  w a s  
a g a i n  c e n t r i f u g e d  (5, 400  X g .  , 10 m i n . , 4 °  C . ) a n d  the  s u p e r n a t a n t  
(C) u s e d  to  o b ta in  d a t a  r e p o r t e d  i n  e x p e r i m e n t  1 of Ta.ble I. The 
s u p e r n a t a n t  w a s  d i a l y z e d  {see  A p p e n d i x  II) a n d  th e  d i a l y z a t e  u s e d  
in  e x p e r i m e n t  2 of T a b le  I .
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D i a l y s i s  w a s  c a r r i e d  out  a t  a p p r o x i m a t e l y  3 °  C. in c e l l u ­
lo se  d ia ly z in g  tub ing  21 mrri. in  d i a m e t e r .  The  s a m p l e - c o n t a i n i n g  
d i a ly s i s  b a g s  w e r e  w e ig h te d  w i th  g l a s s  s t o p p e r s  an d  i m m e r s e d  in  
two l i t e r s  of c o ld  c o p p e r - f r e e  w a t e r  a n d  the d i a ly z in g  w a t e r  s t i r r e d  
b y  m e a n s  of a n  e l e c t r i c  s t i r r e r .  The d ia ly z in g  w a t e r  w as  f r e q u e n t l y  
c h a n g e d  a n d  the s a m p l e s  a g i t a t e d  to i n s u r e  r a p i d  t r a n s f e r  of d i f f u s -  
a b le  i o n s .  A 60 % s a t u r a t e d  a m m o n i u m  su l f a te  so lu t io n  was  p r a c ­
t i c a l l y  f r e e  of a m m o n i a  { N e s s l e r s  r e a g e n t  (60) a f t e r  d ia lyz ing  48 
h o u r s  by th i s  m e th o d .  In the a b s e n c e  of a d d e d  s a l t s ,  d ia ly s i s  t i m e  
w a s  s h o r t e n e d  to 36 h o u r s .
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T h e  b e s t  p r o c e d u r e  f o r  e s t i m a t i n g  p r o t e i n  in  d e t e r m i n i n g  
spec i f ic  a c t i v i t i e s  of th e  v a r i o u s  e n z y m e  s a m p l e s  w a s  the  b i u r e t  
m e th o d  of H i l l e r  e t  a l .  (63).  T h i s  m e th o d  in v o lv ed  the  p r e c i p i t a ­
t ion  of p r o t e i n  w i th  t r i c h l o r o a c e t i c  ac id ,  d i s s o lv in g  th e  p r e c i p i t a t e  
in  s o d iu m  h y d r o x id e ,  fo l low ed  b y  the a d d i t io n  of c o p p e r  io n s  to 
g ive  a  v i o l e t  c o l o r  w h i c h  w a s  c o m p a r e d  w i th  a  b i u r e t  s t a n d a r d  
so lu t io n  e q u i v a l e n t  to 10 m g .  of o v a lb u m in .  The p r o c e d u r e  w as  
v e r y  u s e fu l  in  d e t e r m i n i n g  p r o t e i n  in  s h r i m p  t i s s u e  e x t r a c t s  s in c e  
p i g m e n t s  p r e s e n t  w e r e  p r e c i p i t a t e d  an d  d id  n o t  i n t e r f e r e  w i th  c o l o r  
a b s o r b a n c e  m e a s u r e m e n t s .  R e s u l t s  o b ta in ed  by  t h i s  m e th o d  fo r  
d e t e r m i n i n g  q u a n t i t i e s  of p r o t e i n  l e s s  t h a n  1 . 5  m g .  w e r e  i n c o n s i s ­
te n t ,  a n d  in  c e r t a i n  i n s t a n c e s  w h e n  s a m p l e  q u a n t i t i e s  w e r e  l i m i t e d  
the  s u l f o s a l i c y l i c  a c i d  m e th o d  of E x to n  (64) w a s  u s e d  a n d  the v a lu e s  
o b ta in e d  c o n v e r t e d  to e q u i v a l e n t  q u a n t i t i e s  of b i u r e t  p r o t e i n  ( p r o t e i n  
d e t e r m i n e d  by the b i u r e t  m e th o d ) .
T h e s e  two m e th o d s  w e r e  no t  e q u iv a l e n t  f o r  m e a s u r i n g  
v a r i o u s  s h r i m p  p r o t e i n s  w h en  o v a lb u m in  w a s  u s e d  a s  a  s t a n d a r d ,  
a n d  a  c o n v e r s i o n  f a c t o r  w a s  n e e d e d  to c o r r e l a t e  the p r o t e i n  q u a n ­
t i t i e s  d e t e r m i n e d  b y  the  two m e t h o d s .  The fo l low ing  r e s u l t s  (T ab le  
VI) w e r e  o b ta in e d  f o r  q u a n t i t i e s  of p r o t e i n  b y  the two m e th o d s  d u r ­
in g  the a n a l y s i s  of s e v e r a l  s h r i m p  s a m p l e s :
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T A B L E  VI
C O R R E L A T IO N  B E T W E E N  TH E B IU R E T  (63) AND SU LFO SA LICY LIC  
A CID  (64) M ETH O D S F O R  SHRIMP P R O T E I N  D E TERM IN A TIO N S
S o u rc e  of S a m p le  S am p le  P r o t e i n  B i u r e t  P .
No.  B i u r e t  S. S. A .  S. S. A .  P .
____________________________________( m g . / m l . ) ( m g . / m l . )
8 . 0  1 2 .3  0 .6 5
7 .1  1 1 .0  0 .6 5
3. 8  7. 7 0 .4 9
2 . 3  3 . 8  0 .6 0
3 .1  5 . 7  0 .5 5
7 . 6  1 1 .7  0 .6 5
1 .7  2 . 6  0. 6 6
A v e r a g e  0 .6 1
S a m p le s  1 an d  2 wetre f r o m  two d i f f e r e n t  s h r i m p  c a t c h e s .  Blood 
w as  t a k e n  f r o m  p e r i c a r d i a l  s i n u s e s ,  f r o z e n  an d  s t o r e d  3 days  a t  
10° F . , thaw ed an d  d i lu te d  1 / 2 .  T h e se  two s a m p l e s  w e r e  c e n t r i ­
fuged  (5, 400 X g . , 10 m i n . , 4 °  C . ) a n d  the  superna . tan ts  ( s a m p l e s  
3 an d  4 r e s p e c t i v e l y  a n a l y z e d .
Sam ple  5 w as  o b ta in e d  by  d i s p e r s i n g  the r e s i d u e  f r o m  s a m p l e  2 in  
wate  r .
S a m p le s  6 and  7 w e r e  m ad e  f r o m  ly o p h i l i z ed  p o w d e r  (B„) in  
A p p e n d ix  I by g r in d in g  in w a t e r  an d  c e n t r i fu g in g  (5, 400 X g. , 10 
m i n . , 4 °  C . ) .  The s u p e r n a t a n t  f r a c t i o n s  w e r e  u s e d  in  the a n a l y s e s .





L y o p h o l iz ed  P .  s e t i f e r u s  
h e a d  p r e s s  ju ic e  6 .
7.
APPENDIX IV
A 2 % d is p e r s io n  o f  ly o p h i l iz e d  powder (Bp) o f  
Appendix I  was f r a c t io n a te d  w ith  ammonium s u l f a te  a s  fo llo w s ;
I
r e s id u e
(d is c a rd e d )
2 % d is p e r s io n  
c e n tr ifu g e d *
su p e rn a ta n t(D )
1-----------------
re s id u e  
(d is c a rd e d )
(-----------------------
p r e c i p i t a t e
d is so lv e d  
i n  w a te r  
c e n tr i fu g e d *
30 % s a tu r a te d  
( N H ^ S t y  
 1_______
su p e rn a ta n t:rj£
T r
60 %. s a tu r a te d  
(NĤ JgSÔ  
c e n tr ifu g e d *  r
s u p e rn a ta n t p r e c i p i t a t e
(E) I
d is so lv e d  
in  w a te r  
c e n tr ifu g e d *
1------
r e s id u e
f
s u p e rn a ta n t
100 % s a tu r a te d  
(NH^SO^ 
c e n tr i fu g e d *
s u p e rn a ta n t
(F)
I---------------
re s id u e
(d is c a rd e d )
1------------
1 p r e c i p i t a t e
d is so lv e d  
in  w a te r  
c e n tr ifu g e d *
I
— r ~
su p e rn a ta n t
(d is c a rd e d )
s u p e rn a ta n t
(G)
*  Sample C en trifu g e d  its600 X g . s 10  m in .s lf° F .
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S a m p le s  A t h r u  C A p p e n d ix  I a n d  s a m p l e s  D t h r u  G in  the 
above  f low s h e e t  w e r e  u s e d  to  c o r r e l a t e  the n o n - d i a l y z a b l e  d r y  
s o l id s  w i th  p r o t e i n  o b ta in ed  b y  the B i u r e t  m ethod-  The r e s u l t s  of 
t h e s e  d e t e r m i n a t i o n s  in  t h e s e  s a m p l e s  a r e  g iven  in  T a b le  VII.
T A B L E  VII
C O R R E L A T IO N  B E T W E E N  N O N -D IA L Y Z A B L E  DRY SOLIDS AND 
B IU R E T  P R O T E I N  F O R  D I F F E R E N T  SH RIM P P R O T E I N
F R A C TIO N S
S a m p le  D r y  W eigh t  B i u r e t  P r o t e i n  D r y  W eigh t
No.__________( m g.  / m l - )_________( mg.  / m l . )________ B i u r e t  P r o t e i n
A 73. 5 2 2 . 6 3. 3
B 70. 0 2 2 . 0 3. 2
C 42.  0 1 0 . 0 4. 2
D 1 2 . 2 4. 6 2. 7
E 4 . 2 1. 4 3. 0
F 6 . 7 2. 4 2 . 8
G 2. 7 0 .9 2. 7
A v e r a g e  3. 1
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The  j u i c e s  w e r e  p r e s s e d  f r o m  s h r i m p  h e a d s  in  a  s t a i n l e s s  
s t e e l  p r e s s  a s  d e s c r i b e d  by J ,  F .  P u n c o c h a r  ( p e r s o n a l  c o m m u n i c a ­
t ion  w i th  D r .  E .  A. F i e g e r )  U. S. F i s h  a n d  Wild l i fe  S e r v i c e ,  L o c k ­
wood B a s in ,  E a s t  B o s to n ,  M a s s .  The  p r e s s  c o r e ,  f i t t e d  w i th  a 
p i s to n ,  w as  c y l i n d r i c a l  in  sh ap e  an d  t a p e r e d  to  a cone  c o n ta in in g  
a  d r a i n .  S a m p l e s  w e r e  p l a c e d  in  the c y l i n d e r ,  the p i s t o n  i n s e r t e d  
a n d  w e ig h t s  add ed .  The  s a m p l e s  w e r e  f o r c e d  in to  the  r e s t r i c t e d  
a r e a  of the  co n e  w h ich  p r e s s e d  j u i c e s  (b lood,  ly m p h ,  c e l l u l a r  c o n ­
s t i t u e n t s ,  e t c . )  f r o m  th e  t i s s u e s .
J u i c e s  o b ta in e d  in  th i s  m a n n e r  w e r e  u s e d  f o r  s e v e r a l  
s t u d i e s  d e s c r i b e d  in  the  tex t ,  a n d  u n l e s s  o t h e r w i s e  s p e c i f i e d  w e r e  
f r o z e n  ( - 4 0 °  C . )  an d  th a w e d  s e v e r a l  t i m e s  an d  c e n t r i f u g e d  (5, 400 
X g. , 10 m in .  , 4 °  C .  ) a n d  the s u p e r n a t a n t  u s e d  f o r  the v a r i o u s  
s tu d i e s .
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The e y e s ,  in c lu d in g  s t a l k s ,  w e r e  r e m o v e d  f r o m  s h r i m p  
h e a d s  in  t h e s e  s tu d ie s  s in c e  the p i g m e n t  in e y e s  d i s c o l o r  e x t r a c t ­
ing s o lu t io n s  a n d  b e c a u s e  of the p o s s i b l e  e x i s t e n c e  of a n  in h ib i to r  
h o r m o n e  in the  s in u s  g l a n d s  of s t a l k s .
F r a c t i o n a t i o n  S c h em e  I
E y e l e s s  P .  s e t i f e r u s  h e a d s  w e r e  b l e n d e d  w i th  1 l i t e r  of 
c o ld  d i s t i l l e d  w a t e r  fo r  10 m in u te s  in  a W a r in g  b l e n d o r .  This  m i x ­
t u r e  w a s  c h i l l e d  an d  c e n t r i f u g e d  (800 X g. , 10 m i n . , 0 °  C. ). The  
s u p e r n a t a n t  so lu t io n  h ad  a  s p e c i f i c  a c t i v i t y  of Cw 3. T h is  was  
f r o z e n ,  t h a w e d  an d  c e n t r i f u g e d  (3, 500 X g. , 20 m in .  , 0 °  C. ). T h e  
r e s i d u e  had  b u t  s l i g h t  a c t i v i t y  a n d  w a s  d i s c a r d e d ,  w h i le  the s u p e r ­
n a t a n t  had  a  s p e c i f i c  a c t i v i t y  of C w  4. Th is  w a s  ly o p h i l i z e d  an d  
a  5 % (w/v)  d i s p e r s i o n  m a d e  by g r in d in g  the p o w d e r  w i t h  sand  a n d  
w a t e r .  The  s u s p e n s i o n  w a s  c e n t r i f u g e d  (3, 500 X g. , 20 min .  , 0 °  C . )  
a n d  the  s u p e r n a t a n t  so lu t io n  had  a  s p ec i f ic  a c t i v i t y 7 of C w 7 w h ic h  
w as  f u r t h e r  p u r i f i e d  by a d d in g  0 . 0 3  ml.  s a t u r a t e d  l e a d  s u b a c e t a t e  
p e r  m l .  of s a m p l e  an d  c e n t r i f u g i n g  (3, 500 X g. , 20 m in .  , 0° C .  ).
The  s u p e r n a t a n t  h ad  an  a c t i v i t y ' o f  C w 10* T in s  was  s lo w ly  a d d e d  
to 2 v o lu m e s  of c o ld  ( - 1 3 °  C . )  a c e t o n e ,  k e p t  a t  th i s  t e m p e r a t u r e  
f o r  two h o u r s  an d  f in a l ly  f i l t e r e d  t h r o u g h  a  B u c h n e r  f u n n e l  a t  the 
s a m e  t e m p e r a t u r e .  The  p r e c i p i t a t e  w as  n o t  a l lo w e d  to  d r y  un t i l  
w a s h e d  s e v e r a l  t i m e s  w i t h  co ld  a c e t o n e .  T h e  bulk  of the  a c e to n e  
w as  r e m o v e d  by  s u c t io n  a n d  the f i l t e r  cake  d r i e d  o v e r  s u l fu r ic  a c i d  
in a  v a c u u m  d e s i c c a t o r .  The  d r i e d  m a t e r i a l  w a s  g r o u n d  to a f ine  
p o w d e r ,  d i s p e r s e d  in  75 m l .  co ld  2 % s o d iu m  c a r b o n a t e ,  d i a ly z e d  
a g a i n s t  d i s t i l l e d  w a t e r  f o r  24 h o u r s  a n d  c e n t r i f u g e d  (2, 500 X g. ,
10 m i n .  , 0°  C.  ). The s p e c i f i c  a c t i v i t y  of the  s u p e r n a t a n t  was" C w 33 
(Cfo 83) an d  r e p r e s e n t e d  a  1 0 - fo ld  i n c r e a s e  in  p u r i t y  o v e r  the o r i g i ­
n a l  s u p e r n a t a n t  so lu t io n .  The p r o t e i n  in the r e m a i n d e r  of the s a m ­
p le s  w a s  d e t e r m i n e d  by th e  b i u r e t  m e th o d  b e c a u s e  of the  s m a l l  
v o lu m e  of so lu t io n .
An e q u a l  v o lum e  of 0. 5 M c a l c i u m  c h l o r id e  w a s  a d d e d  to 
the l a s t  f r a c t i o n  an d  th i s  w a s  fo l lo w e d  by the a d d i t io n  of 0 . 1 v o lu m e  
of 0. 5 M d ib a s i c  s o d iu m  p h o s p h a te .  The c a l c i u m  p h o s p h a te  gel  
f o r m e d  w as  t h o ro u g h ly  m i x e d  w i th  the  s a m p l e  a n d  k e p t  a t  0° C.
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o v e rn ig h t .  A f t e r  c e n t r i f u g i n g  (1, 200 X g. , 5 min .  , 0 °  C. ) the  
s u p e r n a t a n t  h a d  l i t t l e  a c t i v i t y  an d  w as  d i s c a r d e d .  T he  p r o t e i n  was  
then  e lu t e d  f r o m  the p h o s p h a te  ge l  by  t h o ro u g h ly  s t i r r i n g  w i th  0 . 2  M 
d ib a s i c  s o d iu m  p h o s p h a te  a n d  hold ing  f o r  48 h o u r s  w i th  o c c a s i o n a l  
sh ak in g .  The  s a m p l e  w a s  th e n  c e n t r i f u g e d  ( I ,  200 X g. , 5 m in .  ,
0 °  C. ), the pH  a d j u s t e d  to 6 . 0 w i th  0. 2 M m o n o b a s i c  s o d iu m  p h o s ­
p h a te  an d  the c a t e c h o l a s e  a c t i v i t y  d e t e r m i n e d .  The  so lu t ion  w a s  
low in p r o t e i n  an d  t o t a l  a c t i v i t y  bu t  h a d  a  spec i f ic  a c t i v i t y  of Cb 130. 
T h i s  r e p r e s e n t e d  a  1 7 - fo ld  i n c r e a s e  in  p u r i t y  o v e r  the o r ig i n a l  
s u p e r n a t a n t .  The v o lu m e  of th i s  s o lu t io n  w as  so s m a l l  t h a t  no 
f u r t h e r  p u r i f i c a t i o n  w a s  a t t e m p t e d .
F r a c t i o n a t i o n  S c h e m e  II
A n o t h e r  s a m p l e  of e y e l e s s  h e a d s  f r o m  the  s a m e  c a t c h  of 
P .  s e t i f e r u s  u s e d  in  s c h e m e  I w a s  f r o z e n  a t  -1 3 °  C .  a n d  b l e n d e d  
in  a  W ar in g  b l e n d o r .  T h i s  m i x t u r e  w a s  ad d ed  s lo w ly  to a c e t o n e  
( -4 0  ° C . )  a n d  the h a r d  f r o z e n  lu m p s  of t i s s u e  c r u s h e d  in a  c a n v a s  
b ag  an d  g r o u n d  in  a n  o m n i m i x e r  (S e rv a l l )  k e p t  c o ld  w i th  d r y  ic e  
a n d  a c e t o n e .  T h i s  w a s  f i l t e r e d  by s u c t i o n  ( -13  C . )  an d  the  r e s u l t ­
ing  c a k e  w a s h e d  s e v e r a l  t i m e s  w i th  s m a l l  p o r t io n s  of co ld  ( - 1 3 °  C.) 
a c e to n e  a n d  f in a l ly  d r i e d  i n  v a c u u m  o v e r  s u l fu r ic  a c i d .  The d r i e d  
m a t e r i a l  w a s  then  s u s p e n d e d  in  2  l i t e r s  of co ld  2  % s o d iu m  c a r b o n ­
a te  a n d  a g a in  f r o z e n  a t  - 1 3 °  C.  , t h a w e d  a t  r o o m  t e m p e r a t u r e  an d  
f in a l ly  c e n t r i f u g e d  (2, 500 X g. , 5 m in .  , 0 °  C . ) .  T h e  superna . tan t  
w a s  d i a ly z e d  24 h o u r s  a g a i n s t  d i s t i l l e d  w a t e r .  T h e  d i a l y z a t e  h a d  
a  sp e c i f i c  a c t i v i t y  of C w 14. T h i s  w a s  t h e n  made 30 % s a t u r a t e d  
w i th  a m m o n i u m  s u l f a t e ,  k e p t  f o r  1 h o u r  a t  4 °  C. , c e n t r i f u g e d  a n d  
the p r e c i p i t a t e  d i s c a r d e d .  T h e  s u p e r n a t a n t  had  a  s p e c i f i c  a c t i v i t y  
of C w 18. I t  w as  a g a i n  p r e c i p i t a t e d  b y  add ing  0 .3  g. / m l .  of c a l ­
c i u m  a c e t a t e  a n d  c e n t r i f u g e d  (2, 500 X g. , 5 min .  , 0 °  C . ) .  The  
s u p e r n a t a n t  h a d  a  sp e c i f i c  a c t i v i t y  of C w  23. Th is  w a s  d i a ly z e d  
a n d  a d d e d  to 0. 1 v o lu m e  a l u m i n a  ge l  (83),  k e p t  a t  4  C. f o r  1 h o u r  
a n d  c e n t r i f u g e d  (1, 500 X g . ,  5 m i n . ,  0°  C . ) .  The low  a c t iv e  s u p e r ­
n a t a n t  w as  d i s c a r d e d  a n d  the p r e c i p i t a t e  s u s p e n d e d  in  0. 2 M d ib a s i c  
s o d iu m  p h o s p h a te  a n d  m ix e d  o c c a s i o n a l l y  while  k e p t  a t  4° C. fo r
8 6
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12 h o u r s .  T h i s  w a s  c e n t r i f u g e d  ( i ,  500 X g . , 5 m in .  , 0 °  C.  }, the 
pH  of the s u p e r n a t a n t  a d j u s t e d  to  6 . 0 w i th  m o n o b a s i c  s o d iu m  p h o s ­
p h a te .  The s p e c i f i c  a c t i v i t y  of th i s  so lu t io n  w a s  C w 33.
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APPENDIX VU
P. s e t ife ru s  hearts
mixed w ith  phosphate  b u f f e r  
(pH 6.0)
f ro z e n  and thawed (x  5 ) 
ground w ith  sand
c e n tr ifu g e d  
(2,500  g , 10 m in .)
| f
s u p e rn a ta n t  sed im en t
C d isca rd ed )
d ia ly z e d  (U8 h o u rs , 0°G)
s o lu t io n  tu rn e d  from  
l i g h t  g reen  to  d a rk  g reen
d ia ly z a te  __ darkened d u rin g  s to ra g e
(CL 80) (Dk 92) a t  -13°C  and tu rn e d  b la c k  a f t e r  12
hours a t  li°C.
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APPENDIX V III -  A
P . a z te c u s  b lood
I-----------
"serum " (0^  91)
pH li.8  a c e t i c  a c id
d ia ly z e d
c e n tr ifu g e d  
(27 ,000  g , 30 m in .)
h a rd , brown p p t
d is p e r s e d  i n  
b u f f e r  (pH 6 .0 )
d is p e r s e d  s o lu t io n
(Cfc 3)
fro z e n  and thawed
c e n tr i fu g e d  
( 2,500 g , 10 m in .)
g e la t in o u s  p p t,
e x t r a c t i o n  w ith  
b u f f e r  (pH 6 .0 )
e x t r a d t
(cb So)
1
iimemsed i n t
d is p e r se d  in  w a te r 
f ro z e n  and thawed
(x 2)
c e n tr ifu g e d  
(2 ,5 0 0  g , 10 m in .)
s u p e rn a ta n t
(Cb 116 )
s u p e rn a ta n t  
(b lu e  g re e n )
(cb 50)
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APPENDIX V H I ~ B
P . a z te c u s  b lo o d
( c lo t te d )
c en tr ifu g e d  (800 g} 15 m in.) 




frozen  and thawed (x  3 )
sonorated
f i l t e r e d  through C e lite  (L-665)
f i l t r a t e  p r e c i p i t a t e
$°b 1
( ^ 1 3 )
ground w ith 
sand
e x tra c te d  w ith  
b u ffe r  (pH 6 .0 )
f i l t e r e d
(Cb U7)
sediment
d ispersed  in  10 ml
fro zen
thawed
fro ze n  and thawed (x 3 )
I
sonorated
f i l t e r e d  through  C e lite  (L -665>)
f i l t r a t e  
(Cu I t t )  
70)
p r e c i p i t a t e
e x tra c te d  w ith 
b u ffe r  (pH 6 .0 )
f i l t e r e d
f i l t r a t e
(cb 1 5 7 )
9 0
APPENDIX VXEI -  C
f i l t r a t e
d ia ly z a te
(c. 62)
o f  21)
P . a z te c u s  b lo o d
h e p a r in , and 
NaHSOo
f i l t e r e d  th ro u g h  
C e l i t e  and f r i t t e d  g la s s
g e la t in o u s l a y e r
d is p e r s e d  i n  b u f f e r  
(pH 8^0)
■ frozen  and thaw ed-
ground w ith  sand
c e n tr i fu g e d  (2 ,£ 0 0  g ,  10 m in .)
s u p e r n a ta n t  
— d ia ly z e d  ~
d ia ly z a te
(°b 70) 
(i>b t o )
f i l t e r  pad washed
w ith s u f f e r  (pH 8 .0 )
f i l t e r e d  th ro u g h  
f r i t t e d  g la s s
d ia ly z a te  
1 £2 ) 
(Dg 39)
9 1
APPENDIX V III -  D
P . s e t i f e r u s  blood
( c lo t t e d ) 
cen trifu g ed  (800 g, 1$ m in .)
"serum " S edim ent
fro z e n  and thawed
mixed w ith I; v o l .  H2O
f i l t e r e d  through  
C e lite  (E-665)
d ia lyzed
fro z e n  and thawed
ground w ith  sand
f i l t e r e d  through 
C e li te  (L-665)
f i l t r a t e
d ia ly z a te
(Cb 58) 
( < 1 3 )
d ia lyzed
d ia ly z a te  
cch 9 2 ) 
( d£ 121 )
APPENDIX VIII -  E
P. s e t i f e ru s  blood
oxalate  added 
cen trifuged  (800 g, 15 m in.)
“plasma"
frozen and thawed
sed im en t
frozen  and thawed




dispersed  in  b u ffe r  




ground w ith  sand
d ialyza te  
(Cb 5S) dialyzed
centrifuged (2,500 g. 10 m in.)
  I .




ex trac ted  w ith 
b u ffe r  (pH 6 .0 )





APPENDIX VIII -  F
Mixture P. s e t i f e ru s  and P. aztecus blood
o xala te  added 
cen trifuged  (800 g, 30 m in .)I___
11 plasma”
f
frozen  and thawed
sediment
frozen  and thawed
dialVzed
d ia ly za te  
(Cb 78)
sonorated









EXAMINATION AND THESIS REPORT
Candidate: M ilton  E . B a ile y  
Major Field: B io ch em is try
Title of Thesis: BIOCHEMISTRY OP MELANIN FORMATION IN SHRIMP
Approved:
Major Professor/and Chairman
Dean of the Gr
EXAMINING COMMITTEE:
<?■ ___________
/'CL. 5 .  Y U rvoJn ,_____
j/jh&Cc/l—l-Vl. // ■ ________ __
^ C ~ - —\cA-£jr—
Date of Examination: A p r i l  21*, 1958
